SEISMIC ANALYSIS OF INTEGRAL ABUTMENT BRIDGES CONSIDERING SOIL STRUCTURE INTERACTION by Vasheghani Farahani, Reza
University of Tennessee, Knoxville
Trace: Tennessee Research and Creative
Exchange
Masters Theses Graduate School
12-2010
SEISMIC ANALYSIS OF INTEGRAL
ABUTMENT BRIDGES CONSIDERING SOIL
STRUCTURE INTERACTION
Reza Vasheghani Farahani
rvashegh@utk.edu
This Thesis is brought to you for free and open access by the Graduate School at Trace: Tennessee Research and Creative Exchange. It has been
accepted for inclusion in Masters Theses by an authorized administrator of Trace: Tennessee Research and Creative Exchange. For more information,
please contact trace@utk.edu.
Recommended Citation
Vasheghani Farahani, Reza, "SEISMIC ANALYSIS OF INTEGRAL ABUTMENT BRIDGES CONSIDERING SOIL STRUCTURE
INTERACTION. " Master's Thesis, University of Tennessee, 2010.
https://trace.tennessee.edu/utk_gradthes/838
To the Graduate Council:
I am submitting herewith a thesis written by Reza Vasheghani Farahani entitled "SEISMIC ANALYSIS
OF INTEGRAL ABUTMENT BRIDGES CONSIDERING SOIL STRUCTURE INTERACTION." I
have examined the final electronic copy of this thesis for form and content and recommend that it be
accepted in partial fulfillment of the requirements for the degree of Master of Science, with a major in
Civil Engineering.
Qiuhong Zhao, Major Professor
We have read this thesis and recommend its acceptance:
Edwin G. Burdette, Baoshan Huang
Accepted for the Council:
Carolyn R. Hodges
Vice Provost and Dean of the Graduate School
(Original signatures are on file with official student records.)
   
SEISMIC ANALYSIS OF INTEGRAL ABUTMENT BRIDGES 
CONSIDERING SOIL STRUCTURE INTERACTION 
 
 
 
 
 
 
 
 
 
 
A Thesis Presented for the 
Master of Science Degree 
The University of Tennessee, Knoxville 
 
 
 
 
 
 
 
 
Reza Vasheghani Farahani 
December 2010 
  iii 
 
 
 
 
 
 
 
COPYRIGHT © 2010 BY THE OFFICE OF GRADUATE STUDIES 
THE UNIVERSITY OF TENNESSEE 
ALL RIGHTS RESERVED. 
 
 
 
 
 
 
 
 
  iv 
ACKNOWLEDGEMENTS 
 
Great thanks go to my advisor Dr. Qiuhong Zhao who supported me and gave me the 
chance to complete this work in a timely manner. Her guidance and efforts toward furthering 
my knowledge for the current work are greatly appreciated. I would also like to thank my thesis 
committee members, Dr. Edwin G. Burdette and Dr. Baoshan Huang who provided me the 
required guidance throughout this process. I would also like to thank Ms. Nancy Roberts for 
helping me in soil data interpretation and giving me the required soil information for the State 
of Tennessee. 
I would also like to thank the financial support by the Tennessee Department of 
Transportation (TDOT) and the Federal Highway Administration for the present work 
Finally, I would like to express my deepest and most heart felt gratitude to my wife, 
Sarah. Without her, I would not have made it so far in my schooling.  
 
 
 
  v 
ABSTRACT 
 
Integral abutment bridges are jointless bridges in which the deck is continuous and 
connected monolithically with the abutment walls supported typically by a single row of piles. 
This thesis focuses on the effects of two major parameters on the seismic behavior of an 
integral abutment bridge in Tennessee by considering soil-structure interaction around the piles 
and in back of the abutments: (1) clay stiffness (medium vs. hard) around the piles, and (2) 
level of sand compaction (loose vs. dense) of the abutment wall backfilling. Modal and 
nonlinear time history analyses are performed on a three dimensional detailed bridge model 
using the commercial software SAP2000, which clearly show that (1) compacting the 
backfilling of the abutment wall will increase the bridge dominant longitudinal natural 
frequency considerably more than increasing the clay stiffness around the piles; (2) the 
maximum deflection and bending moment in the piles under seismic loading will happen at the 
pile-abutment interface; (3) under seismic loading, densely-compacted backfilling of the 
abutment wall is generally recommended since it will reduce the pile deflection, the abutment 
displacement, the moments in the steel girder, and particularly the pile moments; (4) under 
seismic loading, when the piles are located in firmer clay, although the pile deflection, the 
abutment displacement, and the maximum girder moment at the pier and the mid-span will 
decrease, the maximum pile moment and the maximum girder moment at the abutment will 
increase. 
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1.1 INTRODUCTION 
Integral abutment bridges are jointless bridges in which the deck is continuous and 
connected monolithically with the abutment walls supported typically by a single row of piles. 
A typical integral abutment bridge is illustrated in Figure 1. The most important advantages of 
these bridges include reduced maintenance costs compared to jointed bridges with expansion 
joints and abutment bearings, reduced corrosion and material degradation at the joints (2), 
increased structural capacity during seismic events  (3), the elimination of uplift due to dead 
loads  (4), the provision of reserve live load capacity by distributing the loads along the 
continuous and full depth diaphragm at bridge ends, as well as faster and simpler construction. 
(4,5) However, integral abutment bridges have some limitations on the length and skew of the 
structure.  (3) 
 
 
Figure 1 Typical integral abutment bridge  (1) 
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The use of integral abutments in United States is not new and refers to 1905 when 
Colorado used integral abutments. But it wasn’t until the 1930’s that state transportation 
departments accepted the concept, after the Hardy Cross Method for the analysis of continuous 
frames became available.  (3) In the early 1960’s, it was realized that joints and bearings were a 
major source of bridge maintenance problems and that bridges constructed without joints were 
outperforming jointed bridges. Integral bridges remain in service for longer periods of time 
with only moderate maintenance and occasional repairs.  (6) In 1980, the FHWA recommended 
that bridges with overall lengths of 91.44 m (300 ft) for steel bridges, 152.4 m (500 ft) for cast-
in-place concrete bridges and 182.88 m (600 ft) for pre- and post-tensioned concrete be built as 
continuous and, if unrestrained, with integral abutments. It also recommended that greater span 
lengths be used, if experience indicates that such designs are satisfactory.  (7) As a result, the 
construction of integral abutment bridges is becoming the standard in the majority of states. 
(8,9) A survey of transportation departments report that 20 of 30 departments [60% of survey 
responses] were already using integral construction for continuous bridges.  (6)  
In addition to building new bridges with integral construction, many states retrofit their 
existing bridges to eliminate the abutment joints, in an effort to reduce maintenance costs. A 
study by New York State Department of Transportation in 1992 concluded that retrofitting 
designs can be implemented with minimal material and construction costs, resulting in an 
estimated annual savings of $0.5 to $1.25 million in maintenance cost to the state.  (10) A 
national survey conducted by Rhode Island Department of Transportation in 1995 revealed that 
22 transportation agencies had eliminated bridge-deck joints on existing steel bridges, 19 of 
which had retrofitted these older bridges solely to eliminate deck joints.  (11)  
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The state of Tennessee has been a pioneer in the use of jointless bridges since 1964, 
with well over 1000 built in the state, and the longest (1175ft) precast/prestressed jointless 
bridge in the U.S., built on State Route 50 over Happy Hollow Creek. Although the state of 
Tennessee has been pushing the envelop of integral abutment bridge application in the past 40 
years, no national standards or design procedures have been clearly established up to date, 
especially for seismic design. Since the west Tennessee are located in the New Madrid Seismic 
Zone, where the probability of a magnitude 6.0 or greater earthquake occurring within the next 
50 years is 25-60%, comprehensive investigation and fully understanding on the seismic 
behavior of integral abutment bridges are needed. 
During the analysis and design of integral abutment bridges, the biggest uncertainties 
generally lie in the nonlinear soil-abutment and soil-pile interactions, since the magnitude and 
nature of the soil and structural deformations and stresses are interdependent.  (1) Therefore it is 
meaningful to investigate the nonlinear soil-abutment and soil-pile interactions during seismic 
events as well, and identify the main factors affecting the bridge behavior. 
 
1.2 LITERATURE REVIEW 
Burdette et al. investigated experimentally the response of integral abutments supported by 
steel H-piles and prestressed concrete piles, respectively. It was found that a pile embedment 
length of 305 mm into the abutment was sufficient to assure pile-abutment integrity, when the 
pile deflection did not exceed the design limit of 25.4 mm specified by the Tennessee 
Department of Transportation (TDOT). Beyond this limit, some cracking of the pile-abutment 
interface was observed, which was more extensive in stiffer soils but still did not cause the loss 
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of integrity at significantly larger displacements, even in extremely stiff soils.  (12) It was also 
found that the prestressed concrete pile cracked just below the pile-abutment interface when the 
deflection at the ground surface approached 25.4 mm, which significantly reduced the section 
stiffness but did not greatly affect the overall behavior. It was then concluded that the current 
deflection limit was conservative and a value of 38 mm would appear to be reasonable.   (13) 
Many researchers have studied the soil-pile and soil-abutment interaction in integral 
abutment bridges, but firstly in thermal analysis. Faraji et al. presented a thermal analysis of an 
integral abutment bridge which explicitly incorporated nonlinear springs for cohesionless soil 
behind the abutment walls and adjacent to the supporting piles. A parametric study was 
conducted on the compaction effects, where it turned out that soil compaction behind the 
abutment wall would double the peak axial forces and moments in the deck, while reduce the 
peak pile moments by half.  Also, soil compaction adjacent to the piles affected the moments in 
the HP piles, without any significant influence on the abutment wall or bridge deck.  (1) 
Khodair and Hassiotis studied soil-pile interaction in integral abutments under thermal 
loading experimentally and numerically, and found that the influence of lateral loads imposed 
by the superstructure on the piles was confined within a small volume of soil around the piles. 
 (14)  
Civjan et al. studied effects of backfill properties and soil restraints on integral abutment 
piles with regard to bridge distortions, and maximum moments developed in the piles caused 
by thermal loading. It was found that the bridge expansion was predominantly affected by the 
backfill conditions, whereas the bridge contraction was influenced by the pile restraint 
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conditions. It was also shown that the pile moments were minimized when denser backfill and 
smaller pile restraint were provided.  (15) 
Several researchers have also investigated seismic response of integral abutment bridges 
(Goel  (16), Dehne and Hassiotis  (17), Spyrakos and Loannidis  (18)). Goel studied earthquake 
characteristics of integral abutment bridges, in which he measured the dynamic properties of a 
two-span concrete bridge from its motions recorded during an actual earthquake, and indicated 
that the vibration period elongated and the damping ratio increased by a factor of more than 
two as the intensity of the ground motion increased.  (16) 
Dehne and Hassiotis conducted seismic analysis on an integral abutment bridge, 
through which it turned out that accurate modeling of the soil-structure interaction was required 
to evaluate the effects of longitudinal and transverse earthquake excitation on the response of 
integral abutment bridges. It was concluded that an integral abutment bridge system with the 
dense compacted soil behind the abutment wall and loose sand around the piles would have the 
best performance characteristics.  (17) 
Spyrakos and Loannidis studied seismic behavior of a single-span post-tensioned 
integral abutment bridge including soil-structure interaction, in which they assessed the 
significance of soil-structure interaction on the mode shapes and seismic response of the bridge.  
Sensitivity studies were conducted to investigate the effect of foundation stiffness on the 
overall dynamic and seismic response of the bridge system. It turned out that the vibration 
frequencies changed about 20 percent in extreme cases, and the foundation stiffness did not 
affect significantly the seismic response of the bridge. They also found that the existence of 
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backfill had a significant effect on the dynamic characteristics and seismic response of the 
bridge.  (18) 
 
1.3 OVERVIEW OF THESIS  
This thesis focuses on seismic behavior of a two-span integral abutment steel bridge in the 
State of Tennessee, with an emphasis and sensitivity study on the effects of the levels of sand 
compaction in back of the abutments and clay stiffness around the piles. Clay is the common 
type of soil in most locations in Tennessee, which has not been studied enough in seismic 
response of integral abutment bridges yet. A three dimensional model of an integral abutment 
bridge in Tennessee is constructed with seismic soil springs around the piles and behind the 
abutments. Modal and nonlinear time history analyses are performed on the bridge model using 
the commercial software SAP2000 which is used for convenience of application of research 
results for the design engineers. Modal and time history analyses results are presented for 
different levels of sand compaction in back of the abutments and clay stiffness around the piles 
and discussed in details. 
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CHAPTER II: SEISMIC ANALYSIS OF AN INTEGRAL ABUTMENT 
BRIDGE IN TENNESSEE 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
9 
2.1 INTRODUCTION 
Seismic analysis of integral abutment bridges is a difficult task because of complications of 
soil-pile and soil-abutment interactions modeling especially under the earthquake loading. Most 
of the researches done on integral abutment bridges so far either under thermal loading or 
seismic loading have considered the non-seismic soil-abutment interactions whereas soil-
abutment interactions under the earthquake seems important and should be considered. 
Therefore, seismic soil-abutment springs are explained and used for modal and seismic 
analyses of an integral abutment bridge in Nashville, Tennessee. 
 
2.2 BRIDGE MODEL 
The bridge locates on Massman Drive across I-40 in Nashville, Tennessee, with a north span of 
42.67 m and a south span of 44.81 m as shown in Figure 2. The bridge superstructure consists 
of five steel plate girders made of 345 MPa (50 ksi) weathering steel with a height of 1.63 m 
and center to center spacing of 2.97 m, supporting a 0.21 m thick concrete deck above. The 
bridge substructure consists of two 2.87 m height and 0.91 m thick integral abutments 
supported each by ten HP 4210×  steel piles oriented in the strong axis bending. Views of the 
bridge and also its abutment details are shown in Figure 2. For more information on the bridge 
specifications and details, the shop drawings of the bridge have been presented in Appendix A. 
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(a) Longitudinal Profile 
 
 
 
 
(b) Deck cross section 
 
 
(c) Abutment details 
 
Figure 2 Massman Drive Bridge in Nashville, TN 
 
 
  
 
11 
2.3 FINITE ELEMENT MODEL 
A three dimensional finite element model (FEM) of the bridge was constructed using SAP2000 
software. The deck, abutments and pile caps are modeled as shell elements while the steel plate 
girders, piers, bent cap and piles are modeled as beam elements. To account for the composite 
action of the superstructure, rigid link elements are inserted between the deck nodes and the 
girder nodes. A rigid connection is assumed at the conjunction of the steel girders and the 
abutments, as well as between the piles and the abutments, considering the steel girders and 
piles were cast rigidly in the concrete there. Nonlinear link elements are used to model the 
nonlinear soil reactions around the piles and in back of the abutments. For the analyses, a 
damping coefficient of 0.05 is considered in the bridge model. The 3-D finite element model of 
the bridge is shown in Figure 3. 
 
 
Figure 3 Massman Drive Bridge modeled in SAP2000 
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2.4 NONLINEAR SOIL SPRINGS 
The soil around the piles is considered clay, which is common in most locations in Tennessee. 
Properties of medium clay and hard clay are selected from the geotechnical reference  (19) in 
order to represent soil characteristics in Tennessee. The abutment wall backfilling is 
cohesionless clean sand with properties based on experimental test data obtained at Brigham 
Young University  (20) for both the loosely and densely-compacted cases. Therefore, four 
different soil cases are defined for the sensitivity study, as shown in Table 1 below. 
 
2.4.1 NONLINEAR SOIL SPRINGS AROUND THE PILES 
The procedures given in the American Petroleum Institute (API) for piles in clay materials are 
followed to define the p-y curves and model the nonlinear soil springs around the piles.  (21) 
The ultimate resistance up of soil springs along the pile length is shown by EQ (1) below:  





≥
<++
=
Ru
R
u
u
u
XXforc
XXfor
D
Xc
JXc
p
9
3 γ
                                                          (1)                                                                                                         
 
Table 1 Soil properties for the sensitivity study
 
Case Soil around piles Abutment backfill 
1 
Medium Clay  
( 3/61.14,5.37 mkNkPacu == γ ) 
Loosely-compacted clean Sand  
( 3/50.16,0,37 mkNco === γφ ) 
2 
Medium Clay  
( 3/61.14,5.37 mkNkPacu == γ ) 
Densely-compacted clean Sand 
( 3/30.18,0,5.40 mkNco === γφ ) 
3 
Hard Clay  
( 3/14.18,200 mkNkPacu == γ ) 
Loosely-compacted clean Sand 
 ( 3/50.16,0,37 mkNco === γφ ) 
4 
Hard Clay  
( 3/14.18,200 mkNkPacu == γ ) 
Densely-compacted clean Sand 
( 3/30.18,0,5.40 mkNco === γφ ) 
       uc = undrained shear strength of undisturbed clay; γ = effective soil density 
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Where up = ultimate resistance, kPa  (psi), =uc undrained shear strength, kPa  (psi), D = pile  
diameter, mm (in.), =γ  effective soil density, 3mMN  ( 3inlb ), J= dimensionless empirical 
constant, =X depth below soil surface, mm (in.), =RX depth below soil surface to bottom of 
reduced resistance zone, mm (in.) and determined by EQ (2) below 
J
c
D
DX
u
R
+
= γ
6
                                                                                             (2) 
 After determining up , the p-y (load vs. deflection) curves for soil springs along the pile 
length are generated from Table 2. Note that Dy cc ε5.2= , where cε  is the strain at 50% of soil 
ultimate resistance from undrained compression tests of undisturbed soil samples. For 
5.37=uc  and 200 kPa used in the analyses, corresponding cε  values of 0.01 and 0.005 are 
selected.  (22) For the different soil springs along the pile length shown in Figure 3 as Pile SP1, 
Pile SP2… the p-y curves are determined as shown in Figures 4 and 5 for the medium clay and 
hard clay, respectively, in which y is the lateral displacement of the pile. A sample calculation 
of the above mentioned approach is presented in Appendix B. For modeling of soil pile 
interaction in sand material and also soil pile interaction in clay material under static loading, 
API recommendations have been summarized and presented in Appendix C.  
Table 2 Generation of load-deflection curves for clay soil under cyclic loading  (21) 
RXX >  RXX <  
upp /  cyy /  upp /  cyy /  
0 0 0 0 
0.5 1.0 0.5 1.0 
0.72 3.0 0.72 3.0 
0.72 ∞  0.72 RXX /  15.0 
------ ------ 0.72 RXX /  ∞  
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Figure 4 Force-deflection curves of pile springs under cyclic loading for medium clay 
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Figure 5 Force-deflection curves of pile springs under cyclic loading for hard clay 
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2.4.2 NONLINEAR SOIL SPRINGS IN BACK OF THE ABUTMENTS 
For modeling the soil abutment interaction in seismic analysis of bridges, Caltrans  (23) is 
usually used because of its simplicity. This approach has been explained briefly in Appendix D. 
However, for the sensitivity study of the current work which deals with cohesionless loosely 
and densely compacted sand backfilling soils, Caltrans is not suitable since it does not include 
the soil specifications in the formulas and the values given are based on the experimental tests 
done at UC-Davis on cohesive soils. Therefore, another approach which is based on log spiral 
method presented by Shamsabadi et al.  (24) is used instead to consider the soil specifications in 
the relations.  
Based on a comprehensive study on nonlinear soil-abutment interaction for seismic 
design of bridges by Shamsabadi et al.  (24), a simplified hyperbolic force-displacement relation 
was proposed by EQ (3) below and shown in Figure 6. 
iultult
iultult
i yFKyyF
yFKyF
yF )(2
)2()(
maxmax
max
−+
−
=                                                          (3) 
where y = lateral displacement of the abutment, K= average soil stiffness as shown in Figure 6, 
=ultF  maximum abutment force (per unit length of the wall) developed at a maximum 
displacement of maxy .  
 
Figure 6 Hyperbolic force-displacement formulation  (24) 
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For cohesionless soil backfilling ultF  can be determined by 
25.0 hKF peult γ=                                                                                                                         (4) 
where peK = seismic passive earth pressure coefficient, =γ  soil density and h= height of the 
wall.  
To determine the seismic passive earth pressure coefficient, a log spiral procedure is 
used following Shamsabadi et al.  (24) or NCHRP 12-70  (25). Herein, based on the location of 
the bridge, peak ground acceleration (PGA) and horizontal seismic coefficient ( hK ) are 
determined. Then, a log spiral procedure using the NCHRP figures shown in Figures 7 and 8 is 
used to obtain peK  for different abutment backfilling soils. 
In this study, since two different cases of backfilling are considered, two different 
values of maxy and K need to be specified. Based on the experimental test results obtained at 
Brigham Young University  (20), Hy 024.0max = for loosely-compacted clean sand backfilling 
and Hy 03.0max =  for densely-compacted clean sand backfilling where H was the height of the 
pile cap.  Moreover, considering the test results two values of K = 120 kN/cm/m and K = 180 
kN/cm/m have been selected for loosely-compacted clean sand backfilling and densely-
compacted clean sand backfilling, respectively.  
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Figure 7 Seismic passive earth pressure coefficient based on log spiral procedure (c=soil 
cohesion, γ =soil total unit weight, and H is height)  (25) 
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Figure 8 Seismic passive earth pressure coefficient based on log spiral procedure (c=soil 
cohesion, γ =soil total unit weight, and H is height)  (25)  
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However, these K values are for 1.68 m wall height and should be adjusted for 2.87 m 
wall height. Caltrans recommends this adjustment proportional to the abutment height. (23) 
Therefore, for 2.87 m abutment height, K = 205 kN/cm/m and K = 307.5 kN/cm/m have been 
assigned for loosely-compacted backfilling and densely-compacted backfilling, respectively. 
 Following the approach above, force displacement relations for unit length of the wall 
for two different cases of loosely-compacted and densely-compacted sand backfilling are 
determined as shown in Figure 9 and modeled by nonlinear link elements in the bridge model. 
A sample calculation of the above mentioned approach is presented in Appendix E. 
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Figure 9 Force displacement relations for abutment backfilling 
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2.5 MODAL ANALYSIS AND SENSITIVITY STUDIES 
In order to evaluate the effect of different clay materials around the piles and different 
levels of soil compaction in back of the abutments on dynamic properties of the integral 
abutment bridge, modal analysis is performed using the three dimensional finite element model 
of the bridge for the 4 cases defined in Table 1. The results of the modal analyses include 
different mode shapes in all three directions, but in this work, since the focus was to investigate 
the effect of soil material around the piles and the levels of soil compaction in back of the 
abutments, only the longitudinal mode shapes are presented and discussed, which are numbered 
only considering the longitudinal direction modes instead of all the modes. These longitudinal 
mode shapes, for two different cases of piles in medium clay and hard clay and two different 
cases of abutment backfilling, are shown in Figures 10 through 13 and the corresponding 
natural frequencies are presented in Table 3. As shown in Figures 10 through 13, the 
longitudinal mode which contributes the most to the seismic analysis is primarily the second 
mode with frequency shown in Table 3.  
 
Table 3 Natural frequencies of Massman Drive Bridge for longitudinal modes (Hz) 
Case 1 Case 2 Case 3 Case 4 Case 1&2 
Case 
3&4 
Case 
1&3 
Case 
2&4 
Longitudinal 
Mode # 
Medium 
clay 
Loose 
backfill 
Medium 
clay 
Dense 
backfill 
Hard 
clay 
Loose 
backfill 
Hard 
clay 
Dense 
backfill 
Diff 
% 
Diff 
% 
Diff 
% 
Diff 
% 
1 2.07 2.09 2.10 2.14 1 2 2 2 
2 4.67 5.54 5.17 5.83 19 13 11 5 
3 7.61 7.70 7.83 7.94 1 1 3 3 
4 9.24 9.24 19.66 19.66 0 0 113 113 
*Positive means increasing 
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From Table 3, it is clear that the dominant frequency increases by about 19% and 13% 
for the piles in medium clay and hard clay respectively, when the sand backfilling varies from 
loosely to densely compacted. The dominant frequency increases by about 11% and 5% for 
loosely-compacted sand backfilling and densely-compacted sand backfilling respectively, when 
the clay around the piles varies from medium to hard. Therefore, the bridge dominant 
longitudinal natural frequency will increase considerably by compacting the sand backfilling of 
the abutment wall. 
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Figure 10 Longitudinal mode shapes of Massman Drive Bridge for piles in medium clay and 
loosely-compacted backfilling 
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Figure 11 Longitudinal mode shapes of Massman Drive Bridge for piles in medium clay and 
densely-compacted backfilling 
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Figure 12 Longitudinal mode shapes of Massman Drive Bridge for piles in hard clay and 
loosely-compacted backfilling 
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Figure 13 Longitudinal mode shapes of Massman Drive Bridge for piles in hard clay and 
densely-compacted backfilling 
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2.6 SEISMIC ANALYSIS AND SENSITIVITY STUDIES 
The Massman Drive Bridge is located in Nashville, Tennessee, which is in a low seismic region 
with peak ground acceleration (PGA) equal to 0.086g. In order to obtain a better understanding 
of the seismic response of integral abutment bridges in Tennessee, the Memphis region is 
considered instead with a peak ground acceleration equal to 0.39g. The bridge is studied using 
the IMPVALL/I-ELC180 component of El Centro earthquake (Imperial Valley, 1940), shown 
in Figure 14, scaled to the PGA of 0.39g. Nonlinear time history analyses are performed using 
the scaled component of El Centro earthquake applied in the longitudinal direction of the 
bridge. The same four cases defined in Table 1 are considered here, similar to the modal 
analyses, to investigate the effect of clay stiffness around the piles and the levels of sand 
compaction in back of the abutments on seismic behavior of the bridge. The results of the 
nonlinear time history analyses are presented in Figures 15 and 16 for maximum pile 
deflections and maximum pile moments, and in Tables 4 and 5 for maximum abutment 
displacement and maximum girder moments. 
 
2.6.1 MAXIMUM PILE DEFLECTION AND ABUTMENT DISPLACEMENT 
The maximum lateral deflections of the piles during the time-history analysis were 
compared, and the most critical pile was identified located in the West end of South 
abutment. Figures 15 and 16 show the pile deflections at the top of this pile for the 
case 1 with piles in medium clay and loosely compacted abutment backfilling under 
the El Centro earthquake applied in X and -X longitudinal directions of the bridge, 
respectively. 
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Figure 14 IMPVALL/I-ELC180 component of El Centro record (Imperial Valley, 1940) 
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Figure 15  Lateral deflection of edge South-West pile in Case 1 under El Centro excitation 
applied in X direction 
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Figure 16 Lateral deflection of edge South-West pile in Case 1 under El Centro excitation 
applied in -X direction 
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The maximum deflection of this pile is plotted in Figure 17 for all four cases, where it is 
obvious that the maximum lateral deflection of the pile along the length is always located at the 
pile-abutment interface. The maximum value of this deflection from all cases is 19.7 mm for 
case 1, with medium clay around the piles and loosely-compacted sand backfilling behind the 
abutments, a value less than the limiting value of 25.4 mm proposed by the Tennessee 
Department of Transportation (TDOT). The minimum value from all cases is 8.6 mm for case 
4, with hard clay around the piles and densely-compacted sand backfilling behind the 
abutments. Therefore, it is clear that the pile deflection is affected by the soil stiffness both 
behind the abutment and around the piles, and the pile deflection will decrease when the soil 
stiffness decreases, in other words, when the abutment backfilling is compacted or the piles are 
located in firmer clay, or both.  
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Figure 17 Maximum lateral deflections of abutment steel HP piles 
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The maximum lateral displacements at the top and the bottom of the abutment walls 
during the time-history analysis are shown in Table 4 for all four cases which shows the 
maximum wall lateral displacements are generally larger at the bottom and match well with the 
pile deflection. 
 
2.6.2 MAXIMUM MOMENTS ALONG ABUTMENT PILES 
The maximum moments along the piles during the time-history analysis were compared 
and the most critical pile was also identified located in the West end of South abutment. The 
maximum moment along this pile during the time-history analysis is plotted in Figure 18 for all 
four cases, where it is obvious that the maximum moment is always located at the pile-
abutment interface. The maximum value of this moment from all cases is 240.99 kN.m for case 
3, with hard clay around the piles and loosely-compacted sand backfilling behind the 
abutments. The minimum value from all cases is 129.40 kN.m for case 2, with medium clay 
around the piles and densely-compacted sand backfilling behind the abutments.  
 
Table 4 Maximum abutment displacement  
North abutment (mm) South abutment (mm) 
Case Description Top of wall Bottom of 
wall Top of wall 
Bottom of 
wall 
Case 1 Medium clay Loose backfill -17.6
*
 -19.4 17.6 -19.7 
Case 2 Medium clay Dense backfill -11.4 -13.4 11.4 -13.7 
Case 3 Hard clay Loose backfill -10.2 -10.8 10.2 -10.7 
Case 4 Hard clay Dense backfill -8.0 -8.5 8.0 -8.6 
         * Negative means toward the soil, positive means away from the soil 
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It is obvious that the pile moment is affected by the stiffness of the soil behind the 
abutment and around the piles in a different way from pile deflection. The pile moment will 
decrease when the abutment backfilling is compacted and will increase when the piles are 
located in firmer clay. It is also seen that the maximum pile moment will be reduced about 25% 
and 18% by densely compacting the abutment backfilling, when the piles are in medium and 
hard clay, respectively. 
 
2.6.3 MAXIMUM MOMENTS IN STEEL GIRDERS  
The maximum positive and negative moments in steel girders during the time-history analysis 
are shown in Table 5 for all the cases. Along the span, the maximum girder moments are 
generally located in the longer South span (44.81 m) with a maximum positive moment at the 
mid-span and a maximum negative moment at the pier.  
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Figure 18 Maximum moment distribution in abutment steel HP piles 
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For the steel girder moments inside the span and at the pier, the maximum values 
happen in case 1, with medium clay around the piles and loosely-compacted sand backfilling 
behind the abutments, while the minimum values happen in case 4, with hard clay around the 
piles and densely-compacted sand backfilling behind the abutments. For the steel girder 
moments at the abutments, the maximum value happens in case 3, with hard clay around the 
piles and loosely-compacted sand backfilling behind the abutments, while the minimum value 
happens in case 2, with medium clay around the piles and densely-compacted sand backfilling 
behind the abutments.  
Therefore, it seems that the steel girder moments along the bridge, i.e., inside the span 
and at the pier will generally decrease with the soil stiffness both behind the abutment and 
around the piles, similar to the pile deflection and abutment displacement. On the other hand, 
the maximum steel girder moments at the abutment will decrease when the abutment 
backfilling is compacted and increase when the piles are located in firmer clay, similar to the 
pile moment, since these two moments are closely related. 
 
Table 5 Maximum moments in steel girders 
Case 1 Case 2 Case 3 Case 4 Case 1&2 
Case 
3&4 
Case 
1&3 
Case 
2&4 Moment Mu 
(kN.m) Med. clay Loose 
backfill 
Med. clay 
Dense 
backfill 
Hard clay 
Loose 
backfill 
Hard clay 
Dense 
backfill 
Diff 
% 
Diff 
% 
Diff 
% 
Diff 
% 
Mu- @Pier 2239.84 2193.99 2059.25 2027.54 -2 -2 -8 -8 
Mu+ 1656.05 1498.06 1545.41 1446.94 -10 -6 -7 -3 
Mu-
@Abutment 1465.38 1391.57 1563.15 1509.39 -5 -3 7 8 
*Positive means increasing; Negative means decreasing 
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Based on the analyses results, it is recommended to compact the backfilling behind the 
abutments densely for the integral abutment bridges in clay soil, in order to control the pile 
deflection, the abutment displacements, the maximum bending moments in the pile as well as 
the maximum bending moments in the steel girders. 
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CHAPTER III: CONCLUSIONS AND RECOMMENDATIONS 
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3.1 CONCLUSIONS 
For the bridge discussed in this thesis located in the State of Tennessee, the following 
conclusions can be drawn from the dynamic and seismic analyses: 
 (1) Compacting the sand backfilling behind the abutment wall will increase the 
dominant longitudinal frequency of the bridge considerably more than increasing the clay 
stiffness around the piles. 
(2) Under seismic loading, the maximum pile deflection and the maximum abutment 
wall displacement are both at the pile-abutment interface. This deflection is affected by the 
combined stiffness of the soil behind the abutment and around the piles, and will decrease when 
the abutment backfilling is compacted or the piles are located in firmer clay, or both. 
 (3) Under seismic loading, the maximum moment in the pile is at the pile-abutment 
interface. The pile moment will decrease when the abutment backfilling is compacted and will 
increase when the piles are located in firmer clay. Therefore, this moment is maximum for the 
case with piles in hard clay and loosely-compacted backfilling, and minimum for the case with 
piles in medium clay and densely-compacted backfilling. 
(4) The maximum steel girder moments at the pier and the mid-span will generally 
decrease when the combined stiffness of the soil behind the abutment and around the piles 
increases, similar to the pile deflection and abutment displacement. However, the maximum 
steel girder moments at the abutments will decrease when the abutment backfilling is 
compacted and increase when the piles are located in firmer clay, similar to the pile moment. 
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(5) When the piles are located in firmer clay, although the pile deflection, the abutment 
displacement, and the maximum girder moment at the pier and the mid-span will decrease, the 
maximum pile moment and the maximum girder moment at the abutment will increase. 
(6) Densely-compacted backfilling behind the abutments is generally recommended, 
since it will reduce the pile deflection, the abutment wall displacement, the steel girder 
moments, and particularly the pile moment. 
 
3.2 RECOMMENDATIONS 
It was shown that the level of soil compaction in back of the abutments in integral abutment 
bridges is very important and has a considerable effect on the seismic performance of the 
bridge. Therefore, it is recommended to compact the backfilling in integral abutment bridges. 
 
3.3. POTENTIAL FUTURE WORK 
- In this study, since the effects of soil compaction in back of the abutment and around the piles 
were investigated, the seismic analysis of the bridge was limited to longitudinal direction of the 
bridge while for seismic analysis of integral abutment bridges, transverse direction could be 
important. Therefore, it would be meaningful to study seismic analysis of integral abutment 
bridges in transverse direction and even under two directional excitations.  
- In this study, an El Centro record was selected for the seismic analysis due to its popularity, 
but it applies to California; whereas Memphis as a high seismic zone of Tennessee is located in 
the New Madrid zone. Thus, it would be valuable to consider some more records specifically 
for the Memphis region. 
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- While damping ratio is one of the most important parameters in seismic analysis of structures, 
there is not any specific value for integral abutment bridges. Many researchers still use a 
damping ratio of 0.05 in the analysis; where 0.05 is the minimum of damping ratio measured 
experimentally for integral abutment bridges. Therefore, it would be valuable to have more 
precise damping ratio estimations for integral abutment bridges through experimental research 
or intensive simulation work. 
- It would be interesting to investigate the effect of connection rigidity of the middle pier on the 
seismic performance of integral abutment bridges. 
- While many researchers have recommended using the piles oriented in weak bending axis for 
integral abutment bridges, some states such as Tennessee and California still use the piles 
oriented in strong bending axis. Therefore, it would be of much interest to consider two 
directional earthquake components applied in longitudinal and transverse bridge directions to 
estimate the best orientation of the piles from the point of seismic performance. 
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APPENDIX A: MASSMAN DRIVE BRIDGE PLANS 
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APPENDIX B: EXAMPLE OF DEFINING P-Y CURVES FOR SOIL PILE 
INTERACTION UNDER SEISMIC LOADING 
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Herein, using the approach explained in section 2.4.1, Pile Sp 3 located at depth of 1524 mm 
shown in Figure 4 for piles in medium clay is verified. 
Given: 
=uc  undrained shear strength= 37.5 kPa  
D = pile diameter= 256 mm  
=γ effective soil density= 0.0146 3mMN   
J = dimensionless empirical constant= 0.25 
=X depth below soil surface= 1524 mm 
cε =0.01 for medium clay 
Calculations: 
mmDy cc 4.625601.05.25.2 =××== ε  
mm
J
c
D
DX
u
R 72.4392
25.0
5.37
2560146.0
25666
=
+
×
×
=
+
= γ  
Referring to Table 2, since RXX < then 
kPa
D
XcJXcp uuu 56.190256
15245.3725.015240146.05.3733 =××+×+×=++= γ  
In order to define each of the curves it is required to consider various cyy /  and the 
corresponding upp /  and calculate the force and deflections. As an example, consider the 
72.0=
up
p
 and 3=
cy
y
 then 
kPapp u 20.13756.19072.072.0 =×=×=  
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For calculating the force the height and width of tributary area would be 0.6 m and 0.256 m, 
respectively. Therefore 
kNDHpF u 07.21256.06.056.19072.072.0 =×××=×××=  
mmyy c 2.194.633 =×==  
For the other points shown in the curve, repeat the calculations for other values of cyy /  and 
the corresponding upp /  to define the p-y curve as shown in Figure 19 which is the same as 
Figure 4 but just for Pile Sp3 located in depth of 1524 mm. By repeating the above mentioned 
calculations for different depths, p-y curves for other springs are determined as shown in 
Figures 4. 
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Figure 19 Force-deflection curve of Pile SP3 for medium clay under cyclic loading 
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APPENDIX C: AMERICAN PETROLEUM INSTITUTE (API) SOIL-PILE 
INTERACTION 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
86 
1- PILES IN SAND MATERIAL  
For considering the soil pile interaction, American Petroleum Institute  (21), is usually used, as 
represented in the following for sand material: 






= y
Ap
kHApP
u
u tanh                                                                                                                 (5) 
where A= factor to account for cyclic or static loading condition (A=0.9 for cyclic loading and 
A=3−0.8(H /D) ≥ 0.9 for static loading) and up = ultimate bearing capacity at depth H, kN/m 
(lbs/in) estimated as smallest value of usp  and udp : 
HDCHCpus γ)( 21 +=                         (6) 
HDCpud γ3=                           (7)                                                                                                              
k= initial modulus of subgrade reaction, 3/ mkN  ( 3/ inlb ) determined from Figure 20, H= 
depth, m (inches), y= lateral deflection, m (inches), D= average pile diameter from surface to 
depth, m (in.) and =γ effective soil density, )/(/ 33 inlbmkN ; 21 ,CC  and 3C are determined 
from Figure 21, where φ = angle of internal friction of sand, deg. 
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Figure 20 Relative density, % 
 
 
Figure 21 Coefficients as function of φ  
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2- PILES IN CLAY MATERIAL UNDER STATIC LOADING 
For piles in clay material and under static loading, the same approach explained in section 2.4.1 
is used but instead of Table 2, Table 6 is used to define the p-y curves.  
Table 6 Generation of load-deflection curves for clay soil under static loading 
Static Loading 
upp /  cyy /  
0 0 
0.5 1.0 
0.72 3.0 
1.0 8.0 
1.0 ∞  
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APPENDIX D: CALTRANS SOIL ABUTMENT INTERACTION 
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Caltrans’ Seismic Design Criteria  (23) assumes a bilinear force deflection behavior for 
diaphragm abutments as shown in Figure 22, with the initial stiffness of 
)
7.1
(/5.11 hw
m
mmkNK abut =                                                                                                (8) 
Where, w  is the abutment width (m) and h  is the abutment height (m). The initial stiffness of 
11.5 mmmkN //  is assumed based on passive earth pressure tests and the force deflection 
results from large-scale abutment testing at UC Davis. This stiffness is scaled by the ratio of 
)7.1/(h because the height of the abutment tested at UC Davis was 1.7 m.  
The maximum soil passive pressure that can be developed behind the abutment is 239kPa based 
on the ultimate static force developed in the full scale abutment testing conducted at UC Davis. 
Thus, the total static passive force is given by 
)
7.1
)(239( hkPaAP e=                                                                                                          (9) 
Where, eA  is the effective abutment area (m2). Similar to initial stiffness, the maximum soil 
passive force is scaled by )7.1/(h . 
 
Figure 22 Caltrans force deflection relation for diaphragm abutments 
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APPENDIX E: EXAMPLE OF DEFINING P-Y CURVES FOR SOIL ABUTMENT 
INTERACTION UNDER SEISMIC LOADING 
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Herein, using the approach explained in section 2.4.2, p-y curve for soil springs in back of the 
abutment wall for loosely compacted clean sand backfilling is explained. 
Given: 
0=c , 
3/50.16 mkN=γ  
o37=φ  
H= 2.87 m 
K= average soil stiffness = 205 kN/cm/m for loosely compacted sand backfilling 
Calculations: 
mHy 069.087.2024.0024.0max =×==  
The bridge is analyzed under peak ground acceleration of 0.39g; therefore, 39.0=hK and from 
Figure 7 for 0=
H
c
γ
 and o37=φ , ≅peK 6.5 therefore 
m
kNhKF peult 704.44187.25.165.65.05.0 22 =×××== γ                                                                                                                       
i
i
iultult
iultult
i y
y
yFKyyF
yFKyF
yF
×−×+×
×−×××
=
−+
−
= )704.4419.6205(29.6704.441
)704.4419.62052(704.441
)(2
)2()(
maxmax
max
 
i
i
i y
y
yF
+
=
5665.1
983.541)(  
This equation has been depicted in Figure 23 which is the same as Figure 9 for loosely 
compacted sand backfilling. The force shown in Figure 23 is for 1 m length of the wall while 
the springs are located at 0.59 m in the finite element program. Moreover, there are 6 springs 
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along the abutment wall, therefore force values shown on Figure 23 are divided by six and 
multiplied by 0.59 to consider the springs tributary areas and are assigned to the springs.  
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Figure 23 Force displacement relations for abutment backfilling 
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APPENDIX F: EL CENTRO EARTHQUAKE RECORD (IMPERIAL VALLEY, 1940) 
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PEER NGA STRONG MOTION DATABASE RECORD 
IMPERIAL VALLEY 5/19/40 0439, EL CENTRO ARRAY #9, 180 (USGS STATION 117)         
ACCELERATION TIME HISTORY IN UNITS OF G 
4000    0.0100    NPTS, DT 
 
-6.40E-03 -6.03E-03 5.30E-04 7.74E-03 6.89E-03 
6.88E-03 6.71E-03 6.47E-03 6.27E-03 6.15E-03 
6.13E-03 6.20E-03 6.28E-03 6.31E-03 6.28E-03 
6.23E-03 6.20E-03 6.19E-03 6.18E-03 6.17E-03 
6.15E-03 6.12E-03 6.08E-03 6.06E-03 6.05E-03 
6.07E-03 6.10E-03 6.13E-03 6.18E-03 6.22E-03 
6.25E-03 6.24E-03 6.22E-03 6.21E-03 6.22E-03 
6.22E-03 6.22E-03 6.19E-03 6.12E-03 6.01E-03 
5.92E-03 5.93E-03 6.08E-03 6.32E-03 6.56E-03 
6.77E-03 6.95E-03 6.98E-03 6.70E-03 6.16E-03 
5.51E-03 4.90E-03 4.34E-03 3.94E-03 4.02E-03 
4.75E-03 5.86E-03 6.66E-03 6.63E-03 6.00E-03 
5.49E-03 5.54E-03 6.11E-03 6.91E-03 7.61E-03 
8.14E-03 8.48E-03 8.46E-03 7.84E-03 6.89E-03 
6.23E-03 6.22E-03 6.62E-03 6.99E-03 7.11E-03 
6.99E-03 6.58E-03 5.81E-03 4.76E-03 3.62E-03 
2.48E-03 1.26E-03 -8.83E-05 -1.30E-03 -2.01E-03 
-2.24E-03 -2.48E-03 -3.32E-03 -4.91E-03 -6.95E-03 
-8.87E-03 -9.94E-03 -9.64E-03 -8.34E-03 -6.89E-03 
-5.85E-03 -5.17E-03 -4.48E-03 -3.59E-03 -2.95E-03 
-3.37E-03 -4.97E-03 -7.25E-03 -9.87E-03 -1.25E-02 
-1.49E-02 -1.69E-02 -1.89E-02 -2.10E-02 -2.30E-02 
-2.38E-02 -2.32E-02 -2.20E-02 -2.06E-02 -1.86E-02 
-1.59E-02 -1.35E-02 -1.24E-02 -1.12E-02 -6.38E-03 
3.82E-03 1.75E-02 3.10E-02 3.98E-02 4.04E-02 
3.43E-02 2.68E-02 2.17E-02 1.91E-02 1.70E-02 
1.33E-02 7.95E-03 2.12E-03 -3.26E-03 -7.97E-03 
-1.24E-02 -1.71E-02 -2.22E-02 -2.79E-02 -3.44E-02 
-4.20E-02 -5.01E-02 -5.83E-02 -6.63E-02 -7.43E-02 
-8.26E-02 -8.91E-02 -8.97E-02 -8.29E-02 -7.24E-02 
-6.24E-02 -5.50E-02 -5.16E-02 -5.28E-02 -5.65E-02 
-5.93E-02 -5.91E-02 -5.65E-02 -5.40E-02 -5.40E-02 
-5.80E-02 -6.51E-02 -7.29E-02 -7.91E-02 -7.64E-02 
-4.99E-02 4.30E-03 7.26E-02 1.34E-01 1.67E-01 
1.66E-01 1.47E-01 1.32E-01 1.30E-01 1.36E-01 
1.40E-01 1.38E-01 1.32E-01 1.28E-01 1.29E-01 
1.32E-01 1.35E-01 1.38E-01 1.40E-01 1.39E-01 
1.34E-01 1.24E-01 1.11E-01 9.96E-02 8.93E-02 
7.96E-02 6.92E-02 5.70E-02 4.22E-02 2.51E-02 
7.27E-03 -1.01E-02 -2.69E-02 -4.36E-02 -6.07E-02 
-7.83E-02 -9.65E-02 -1.15E-01 -1.33E-01 -1.52E-01 
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-1.70E-01 -1.89E-01 -2.07E-01 -2.26E-01 -2.44E-01 
-2.60E-01 -2.72E-01 -2.82E-01 -2.93E-01 -3.05E-01 
-3.13E-01 -3.08E-01 -2.90E-01 -2.62E-01 -2.22E-01 
-1.45E-01 -5.73E-03 1.65E-01 2.71E-01 2.66E-01 
1.96E-01 1.34E-01 1.13E-01 1.21E-01 1.29E-01 
1.18E-01 8.93E-02 5.28E-02 2.11E-02 -3.54E-04 
-1.42E-02 -2.69E-02 -4.29E-02 -6.23E-02 -8.32E-02 
-1.03E-01 -1.22E-01 -1.40E-01 -1.59E-01 -1.73E-01 
-1.36E-01 -2.87E-03 1.82E-01 2.96E-01 2.82E-01 
1.94E-01 1.15E-01 8.37E-02 8.77E-02 9.36E-02 
7.93E-02 4.32E-02 -8.85E-04 -2.50E-02 2.77E-03 
8.47E-02 1.79E-01 2.30E-01 2.19E-01 1.76E-01 
1.41E-01 1.31E-01 1.37E-01 1.43E-01 1.38E-01 
1.23E-01 1.04E-01 8.67E-02 7.38E-02 6.35E-02 
5.35E-02 4.20E-02 2.93E-02 1.61E-02 3.17E-03 
-9.44E-03 -2.03E-02 -2.30E-02 -1.12E-02 1.20E-02 
3.74E-02 5.87E-02 7.61E-02 9.01E-02 9.58E-02 
8.96E-02 7.61E-02 6.28E-02 5.32E-02 4.59E-02 
3.80E-02 2.72E-02 1.34E-02 -1.68E-03 -1.64E-02 
-3.00E-02 -4.29E-02 -5.61E-02 -6.64E-02 -6.09E-02 
-2.88E-02 1.85E-02 5.09E-02 4.89E-02 2.22E-02 
-6.03E-03 -2.21E-02 -2.69E-02 -2.96E-02 -3.73E-02 
-5.16E-02 -6.93E-02 -8.66E-02 -1.02E-01 -1.15E-01 
-1.28E-01 -1.39E-01 -1.27E-01 -7.49E-02 -1.17E-02 
1.22E-02 -1.24E-02 -5.59E-02 -8.85E-02 -1.02E-01 
-1.05E-01 -1.10E-01 -1.24E-01 -1.46E-01 -1.70E-01 
-1.89E-01 -1.61E-01 -3.88E-02 1.28E-01 2.18E-01 
1.88E-01 9.98E-02 2.86E-02 3.56E-03 7.74E-03 
1.02E-02 -8.35E-03 -4.20E-02 -4.87E-02 1.59E-02 
1.24E-01 1.94E-01 1.88E-01 1.38E-01 9.34E-02 
7.76E-02 8.31E-02 9.02E-02 8.59E-02 6.92E-02 
4.72E-02 2.70E-02 1.13E-02 6.14E-03 2.25E-02 
5.30E-02 7.08E-02 6.37E-02 4.25E-02 2.36E-02 
1.43E-02 1.21E-02 1.04E-02 4.29E-03 -7.18E-03 
-2.16E-02 -3.57E-02 -4.82E-02 -5.85E-02 -6.27E-02 
-5.48E-02 -3.58E-02 -1.34E-02 6.17E-03 2.11E-02 
2.77E-02 2.16E-02 5.53E-03 -1.21E-02 -2.58E-02 
-3.59E-02 -4.61E-02 -5.96E-02 -7.68E-02 -9.56E-02 
-1.14E-01 -1.31E-01 -1.47E-01 -1.63E-01 -1.72E-01 
-1.53E-01 -9.65E-02 -2.45E-02 2.36E-02 2.50E-02 
-6.34E-03 -3.94E-02 -5.36E-02 -4.27E-02 -1.26E-02 
1.96E-02 3.35E-02 2.26E-02 -1.25E-03 -2.21E-02 
-3.30E-02 -3.70E-02 -4.08E-02 -4.87E-02 -6.09E-02 
-7.52E-02 -8.95E-02 -1.03E-01 -1.15E-01 -1.26E-01 
-1.38E-01 -1.51E-01 -1.65E-01 -1.79E-01 -1.91E-01 
-1.98E-01 -1.98E-01 -1.96E-01 -1.94E-01 -1.93E-01 
-1.89E-01 -1.77E-01 -1.48E-01 -7.45E-02 4.45E-02 
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1.37E-01 1.44E-01 8.60E-02 2.04E-02 -1.37E-02 
-4.91E-03 4.00E-02 9.88E-02 1.49E-01 1.82E-01 
2.07E-01 2.30E-01 2.42E-01 2.32E-01 2.07E-01 
1.80E-01 1.60E-01 1.44E-01 1.27E-01 1.07E-01 
8.11E-02 5.16E-02 2.02E-02 -1.09E-02 -4.03E-02 
-6.88E-02 -9.75E-02 -1.27E-01 -1.58E-01 -1.78E-01 
-1.56E-01 -7.55E-02 2.20E-02 7.06E-02 4.81E-02 
-1.01E-02 -5.85E-02 -7.90E-02 -8.15E-02 -8.52E-02 
-1.01E-01 -1.29E-01 -1.60E-01 -1.89E-01 -2.14E-01 
-2.37E-01 -2.54E-01 -2.30E-01 -1.20E-01 4.98E-02 
1.82E-01 2.06E-01 1.48E-01 8.03E-02 5.04E-02 
5.74E-02 7.35E-02 7.60E-02 7.16E-02 9.08E-02 
1.46E-01 2.06E-01 2.28E-01 2.07E-01 1.70E-01 
1.45E-01 1.36E-01 1.37E-01 1.34E-01 1.22E-01 
1.04E-01 8.47E-02 6.77E-02 5.33E-02 4.30E-02 
4.48E-02 6.63E-02 1.01E-01 1.32E-01 1.42E-01 
1.32E-01 1.16E-01 1.06E-01 1.04E-01 1.01E-01 
9.02E-02 7.16E-02 5.04E-02 3.07E-02 1.21E-02 
-4.16E-05 2.41E-02 9.79E-02 1.68E-01 1.80E-01 
1.40E-01 9.00E-02 5.99E-02 5.20E-02 5.17E-02 
4.47E-02 2.64E-02 1.22E-03 -2.41E-02 -4.57E-02 
-6.41E-02 -8.03E-02 -8.98E-02 -8.45E-02 -6.47E-02 
-4.01E-02 -1.86E-02 -2.67E-03 4.00E-03 -2.79E-03 
-1.97E-02 -3.77E-02 -5.14E-02 -6.15E-02 -7.15E-02 
-8.40E-02 -9.93E-02 -1.16E-01 -1.32E-01 -1.46E-01 
-1.60E-01 -1.75E-01 -1.86E-01 -1.84E-01 -1.58E-01 
-1.16E-01 -7.18E-02 -3.67E-02 -1.64E-02 -1.41E-02 
-2.54E-02 -3.87E-02 -4.62E-02 -4.86E-02 -4.85E-02 
-4.40E-02 -3.18E-02 -1.38E-02 4.90E-03 1.94E-02 
2.46E-02 2.02E-02 1.28E-02 1.03E-02 1.49E-02 
2.30E-02 2.89E-02 2.87E-02 2.24E-02 1.39E-02 
6.44E-03 -2.87E-04 -8.80E-03 -2.01E-02 -3.31E-02 
-4.64E-02 -5.63E-02 -5.57E-02 -4.09E-02 -1.79E-02 
4.54E-03 2.40E-02 3.93E-02 4.30E-02 3.06E-02 
9.12E-03 -1.14E-02 -2.54E-02 -2.88E-02 -1.81E-02 
2.10E-03 1.95E-02 2.26E-02 1.09E-02 -6.02E-03 
-1.89E-02 -2.52E-02 -2.83E-02 -3.24E-02 -4.00E-02 
-4.79E-02 -4.67E-02 -3.11E-02 -9.10E-03 8.35E-03 
1.71E-02 1.70E-02 1.04E-02 1.67E-03 -5.12E-03 
-9.06E-03 -9.65E-03 -5.72E-03 1.80E-03 9.27E-03 
1.26E-02 1.04E-02 5.04E-03 2.18E-04 -2.31E-03 
-3.25E-03 -4.24E-03 -5.96E-03 -5.87E-03 3.14E-05 
1.20E-02 2.64E-02 3.95E-02 4.69E-02 4.44E-02 
3.32E-02 2.19E-02 1.71E-02 1.84E-02 2.09E-02 
2.07E-02 1.74E-02 1.26E-02 5.94E-03 -4.82E-03 
-1.60E-02 -1.77E-02 -5.78E-03 1.13E-02 2.06E-02 
1.69E-02 7.13E-03 1.02E-03 2.37E-03 8.28E-03 
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1.39E-02 1.61E-02 1.42E-02 9.03E-03 2.88E-03 
-2.31E-03 -6.68E-03 -1.17E-02 -1.81E-02 -2.55E-02 
-3.38E-02 -4.47E-02 -6.00E-02 -7.74E-02 -8.66E-02 
-7.49E-02 -4.21E-02 -1.42E-03 3.08E-02 4.17E-02 
3.05E-02 1.02E-02 -5.41E-03 -1.20E-02 -1.39E-02 
-1.38E-02 -8.91E-03 2.90E-03 1.84E-02 3.35E-02 
4.63E-02 5.39E-02 5.17E-02 4.03E-02 2.57E-02 
1.37E-02 4.89E-03 -2.47E-03 -9.95E-03 -1.81E-02 
-2.70E-02 -3.62E-02 -4.22E-02 -3.87E-02 -2.40E-02 
-3.85E-03 1.50E-02 2.72E-02 2.84E-02 1.96E-02 
9.16E-03 5.68E-03 1.07E-02 1.87E-02 2.26E-02 
1.90E-02 1.03E-02 1.10E-03 -5.43E-03 -9.40E-03 
-1.26E-02 -1.66E-02 -2.20E-02 -2.70E-02 -2.76E-02 
-2.18E-02 -1.22E-02 -2.37E-03 3.66E-03 1.33E-03 
-1.06E-02 -2.72E-02 -4.29E-02 -5.39E-02 -5.61E-02 
-4.62E-02 -2.83E-02 -1.10E-02 -9.32E-04 1.05E-03 
-1.35E-04 3.71E-04 1.53E-03 -1.18E-04 -3.50E-03 
-6.00E-03 -8.43E-03 -1.30E-02 -2.02E-02 -2.83E-02 
-3.61E-02 -4.30E-02 -4.97E-02 -5.54E-02 -5.72E-02 
-5.38E-02 -4.74E-02 -4.11E-02 -3.78E-02 -4.07E-02 
-5.09E-02 -6.57E-02 -7.83E-02 -7.76E-02 -5.91E-02 
-3.67E-02 -2.63E-02 -2.62E-02 -2.28E-02 -8.24E-03 
1.17E-02 2.61E-02 3.15E-02 3.22E-02 3.35E-02 
3.71E-02 4.14E-02 4.45E-02 4.62E-02 4.66E-02 
4.59E-02 4.52E-02 4.43E-02 3.83E-02 2.20E-02 
-3.39E-03 -2.40E-02 -2.31E-02 -4.45E-04 2.94E-02 
5.34E-02 6.51E-02 6.20E-02 4.79E-02 3.39E-02 
2.85E-02 3.12E-02 3.58E-02 3.74E-02 3.54E-02 
3.15E-02 2.81E-02 2.62E-02 2.56E-02 2.53E-02 
2.52E-02 2.61E-02 2.83E-02 3.11E-02 3.33E-02 
3.31E-02 2.91E-02 2.23E-02 1.50E-02 8.16E-03 
8.69E-04 -7.49E-03 -1.68E-02 -2.61E-02 -3.34E-02 
-3.65E-02 -3.63E-02 -3.54E-02 -3.57E-02 -3.70E-02 
-3.81E-02 -3.78E-02 -3.63E-02 -3.44E-02 -3.28E-02 
-3.07E-02 -2.69E-02 -2.16E-02 -1.66E-02 -1.52E-02 
-1.79E-02 -2.27E-02 -2.72E-02 -3.01E-02 -1.53E-02 
3.74E-02 1.07E-01 1.52E-01 1.61E-01 1.48E-01 
1.30E-01 1.20E-01 1.20E-01 1.22E-01 1.21E-01 
1.13E-01 1.01E-01 8.76E-02 7.58E-02 6.61E-02 
5.75E-02 4.85E-02 3.87E-02 2.83E-02 1.77E-02 
7.81E-03 1.51E-03 2.02E-03 8.37E-03 1.61E-02 
2.10E-02 1.95E-02 1.01E-02 -3.82E-03 -1.68E-02 
-2.38E-02 -2.11E-02 -1.14E-02 -5.19E-03 -1.22E-02 
-3.19E-02 -5.54E-02 -7.50E-02 -8.93E-02 -1.02E-01 
-1.16E-01 -1.35E-01 -1.57E-01 -1.75E-01 -1.60E-01 
-7.43E-02 5.25E-02 1.35E-01 1.28E-01 6.80E-02 
1.16E-02 -1.12E-02 5.14E-04 3.84E-02 8.44E-02 
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1.11E-01 1.03E-01 7.60E-02 5.08E-02 4.19E-02 
5.13E-02 6.75E-02 7.15E-02 5.34E-02 2.08E-02 
-1.23E-02 -4.02E-02 -6.60E-02 -9.45E-02 -1.28E-01 
-1.61E-01 -1.74E-01 -1.45E-01 -8.38E-02 -3.29E-02 
-2.18E-02 -4.18E-02 -6.11E-02 -5.60E-02 -2.76E-02 
7.52E-03 3.52E-02 5.24E-02 6.44E-02 7.76E-02 
9.36E-02 1.09E-01 1.21E-01 1.25E-01 1.15E-01 
9.35E-02 6.65E-02 4.19E-02 2.15E-02 2.58E-03 
-1.77E-02 -4.13E-02 -7.01E-02 -1.04E-01 -1.42E-01 
-1.65E-01 -1.37E-01 -5.01E-02 3.74E-02 6.59E-02 
3.80E-02 -4.12E-03 -2.67E-02 -2.47E-02 -1.27E-02 
-6.33E-03 -1.40E-02 -3.62E-02 -6.64E-02 -8.70E-02 
-7.48E-02 -2.48E-02 4.01E-02 8.32E-02 8.13E-02 
4.51E-02 6.52E-03 -1.09E-02 -6.16E-03 5.68E-03 
1.05E-02 3.91E-03 -1.16E-02 -3.12E-02 -4.95E-02 
-6.21E-02 -6.88E-02 -7.32E-02 -7.87E-02 -8.29E-02 
-7.99E-02 -6.86E-02 -5.32E-02 -3.63E-02 -1.87E-02 
-4.14E-03 5.85E-04 -1.73E-03 2.03E-03 1.94E-02 
4.37E-02 5.82E-02 5.09E-02 2.62E-02 -1.66E-03 
-2.28E-02 -3.72E-02 -4.87E-02 -5.02E-02 -3.15E-02 
-1.75E-03 1.80E-02 1.86E-02 6.90E-03 -3.87E-03 
-3.27E-03 9.11E-03 2.57E-02 3.89E-02 4.57E-02 
4.57E-02 3.95E-02 3.06E-02 2.28E-02 1.73E-02 
1.21E-02 2.92E-03 -1.22E-02 -3.08E-02 -4.95E-02 
-6.66E-02 -8.26E-02 -9.87E-02 -1.13E-01 -1.14E-01 
-9.65E-02 -6.48E-02 -2.97E-02 2.93E-03 3.05E-02 
4.62E-02 4.27E-02 2.52E-02 1.18E-02 2.10E-02 
5.49E-02 9.60E-02 1.19E-01 1.09E-01 7.73E-02 
4.38E-02 2.14E-02 9.21E-03 -9.78E-05 -1.06E-02 
-2.25E-02 -3.50E-02 -4.72E-02 -5.46E-02 -5.06E-02 
-3.51E-02 -1.55E-02 2.63E-05 7.93E-03 1.06E-02 
1.33E-02 1.91E-02 2.61E-02 2.95E-02 2.74E-02 
2.46E-02 2.76E-02 3.78E-02 5.08E-02 6.23E-02 
7.12E-02 7.83E-02 8.13E-02 7.57E-02 6.18E-02 
4.52E-02 3.06E-02 1.87E-02 7.17E-03 -4.42E-03 
-1.13E-02 -9.45E-03 -2.19E-03 3.77E-03 5.52E-03 
4.42E-03 5.60E-03 1.63E-02 3.27E-02 3.87E-02 
2.69E-02 5.58E-03 -1.40E-02 -2.73E-02 -3.67E-02 
-4.61E-02 -5.74E-02 -6.90E-02 -7.40E-02 -6.51E-02 
-4.32E-02 -1.73E-02 5.43E-03 2.38E-02 3.92E-02 
4.79E-02 4.51E-02 3.38E-02 2.14E-02 1.23E-02 
5.86E-03 -4.95E-04 -8.92E-03 -1.96E-02 -3.17E-02 
-4.09E-02 -3.83E-02 -1.92E-02 9.33E-03 3.50E-02 
5.01E-02 5.66E-02 6.13E-02 6.60E-02 6.79E-02 
6.56E-02 6.11E-02 5.64E-02 5.21E-02 4.74E-02 
4.20E-02 3.67E-02 3.16E-02 2.69E-02 2.51E-02 
3.05E-02 4.36E-02 5.85E-02 6.90E-02 7.48E-02 
  
 
100 
8.20E-02 9.56E-02 1.09E-01 1.12E-01 1.01E-01 
8.58E-02 7.31E-02 6.50E-02 6.01E-02 5.60E-02 
5.10E-02 4.47E-02 3.74E-02 3.01E-02 2.27E-02 
1.40E-02 3.44E-03 -7.96E-03 -1.91E-02 -2.97E-02 
-3.99E-02 -5.01E-02 -5.96E-02 -6.81E-02 -7.58E-02 
-8.34E-02 -9.14E-02 -9.95E-02 -1.07E-01 -1.12E-01 
-1.15E-01 -1.17E-01 -1.19E-01 -1.22E-01 -1.26E-01 
-1.29E-01 -1.34E-01 -1.43E-01 -1.56E-01 -1.69E-01 
-1.83E-01 -1.95E-01 -2.05E-01 -1.98E-01 -1.63E-01 
-1.06E-01 -4.87E-02 -8.88E-03 1.51E-02 3.50E-02 
5.45E-02 6.63E-02 6.67E-02 6.10E-02 5.95E-02 
6.98E-02 9.01E-02 1.12E-01 1.30E-01 1.37E-01 
1.31E-01 1.18E-01 1.06E-01 9.82E-02 9.41E-02 
8.96E-02 8.33E-02 7.80E-02 7.82E-02 8.35E-02 
8.93E-02 9.20E-02 9.17E-02 8.99E-02 8.85E-02 
8.85E-02 8.95E-02 9.06E-02 9.16E-02 9.20E-02 
9.14E-02 8.63E-02 7.07E-02 4.31E-02 9.75E-03 
-1.80E-02 -3.01E-02 -2.69E-02 -2.06E-02 -2.40E-02 
-3.88E-02 -5.36E-02 -5.33E-02 -3.64E-02 -1.93E-02 
-1.79E-02 -3.23E-02 -5.14E-02 -6.56E-02 -6.93E-02 
-6.17E-02 -4.78E-02 -3.51E-02 -2.66E-02 -2.10E-02 
-1.72E-02 -1.85E-02 -2.76E-02 -4.11E-02 -5.12E-02 
-4.94E-02 -3.66E-02 -2.47E-02 -2.36E-02 -3.16E-02 
-3.91E-02 -3.65E-02 -2.31E-02 -7.84E-03 7.84E-04 
2.27E-03 2.62E-03 7.47E-03 1.43E-02 1.65E-02 
1.22E-02 5.24E-03 -8.24E-04 -4.88E-03 -7.04E-03 
-5.46E-03 1.75E-03 1.30E-02 2.48E-02 3.47E-02 
3.94E-02 3.53E-02 2.34E-02 9.28E-03 -3.05E-03 
-1.42E-02 -2.62E-02 -3.73E-02 -4.40E-02 -4.60E-02 
-4.58E-02 -4.57E-02 -4.64E-02 -4.70E-02 -4.70E-02 
-4.58E-02 -4.08E-02 -2.93E-02 -1.69E-02 -1.22E-02 
-1.66E-02 -2.50E-02 -3.29E-02 -3.87E-02 -4.33E-02 
-4.79E-02 -5.26E-02 -5.58E-02 -5.71E-02 -5.82E-02 
-6.30E-02 -7.24E-02 -8.15E-02 -8.60E-02 -8.78E-02 
-8.91E-02 -8.24E-02 -5.89E-02 -2.49E-02 2.55E-03 
1.45E-02 1.66E-02 1.88E-02 2.58E-02 3.61E-02 
4.57E-02 5.07E-02 4.89E-02 4.17E-02 3.28E-02 
2.62E-02 2.34E-02 2.10E-02 1.02E-02 -1.43E-02 
-3.88E-02 -3.96E-02 -1.02E-02 3.19E-02 6.02E-02 
5.76E-02 3.02E-02 -1.54E-03 -2.30E-02 -3.39E-02 
-4.01E-02 -3.85E-02 -1.91E-02 1.74E-02 5.92E-02 
9.29E-02 1.03E-01 8.23E-02 4.31E-02 9.39E-03 
-4.32E-03 -2.53E-03 2.53E-03 6.47E-03 1.19E-02 
1.95E-02 2.75E-02 3.41E-02 3.76E-02 3.65E-02 
3.25E-02 2.92E-02 2.84E-02 2.90E-02 2.74E-02 
2.13E-02 1.24E-02 5.32E-03 2.68E-03 1.74E-03 
-2.91E-03 -1.27E-02 -2.35E-02 -3.14E-02 -3.72E-02 
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-4.81E-02 -7.12E-02 -9.95E-02 -1.10E-01 -8.78E-02 
-4.19E-02 6.19E-03 4.38E-02 7.19E-02 9.28E-02 
1.02E-01 9.57E-02 8.26E-02 7.14E-02 6.49E-02 
6.02E-02 5.38E-02 4.40E-02 3.17E-02 1.92E-02 
8.62E-03 9.76E-04 -4.72E-03 -1.11E-02 -2.19E-02 
-3.73E-02 -4.53E-02 -2.81E-02 1.31E-02 5.23E-02 
6.68E-02 5.89E-02 4.76E-02 4.76E-02 5.77E-02 
6.47E-02 6.01E-02 4.61E-02 2.82E-02 5.42E-03 
-2.40E-02 -5.33E-02 -7.40E-02 -8.65E-02 -9.70E-02 
-1.11E-01 -1.30E-01 -1.44E-01 -1.44E-01 -1.30E-01 
-1.09E-01 -8.38E-02 -5.49E-02 -2.70E-02 -6.35E-03 
7.83E-03 1.89E-02 2.36E-02 1.79E-02 4.51E-03 
-9.87E-03 -2.17E-02 -3.15E-02 -4.17E-02 -5.11E-02 
-5.10E-02 -3.50E-02 -1.03E-02 8.37E-03 1.67E-02 
1.95E-02 1.84E-02 1.34E-02 6.70E-03 7.67E-04 
-2.21E-03 4.23E-04 8.59E-03 1.83E-02 2.53E-02 
2.87E-02 3.10E-02 3.63E-02 4.63E-02 5.92E-02 
7.18E-02 7.87E-02 7.30E-02 5.48E-02 3.34E-02 
1.89E-02 1.33E-02 1.12E-02 6.92E-03 -2.83E-04 
-7.25E-03 -1.13E-02 -1.27E-02 -1.34E-02 -1.64E-02 
-2.48E-02 -3.70E-02 -4.22E-02 -2.80E-02 5.10E-03 
4.44E-02 7.38E-02 7.94E-02 6.05E-02 3.20E-02 
1.00E-02 -7.31E-04 -5.58E-03 -1.24E-02 -2.47E-02 
-3.72E-02 -4.01E-02 -2.96E-02 -1.21E-02 4.59E-03 
1.73E-02 2.53E-02 2.49E-02 1.33E-02 -5.17E-03 
-2.32E-02 -3.67E-02 -4.69E-02 -5.74E-02 -6.96E-02 
-7.81E-02 -7.45E-02 -5.82E-02 -3.70E-02 -1.72E-02 
2.86E-04 1.41E-02 2.17E-02 2.39E-02 2.45E-02 
2.47E-02 2.34E-02 2.01E-02 1.53E-02 9.24E-03 
1.05E-03 -1.02E-02 -2.06E-02 -2.12E-02 -9.09E-03 
9.21E-03 2.59E-02 3.83E-02 4.72E-02 5.08E-02 
4.60E-02 3.46E-02 2.21E-02 1.20E-02 4.13E-03 
-3.82E-03 -1.12E-02 -1.21E-02 -2.73E-03 9.85E-03 
1.31E-02 2.61E-03 -1.49E-02 -3.06E-02 -4.11E-02 
-4.82E-02 -5.44E-02 -5.84E-02 -5.69E-02 -5.06E-02 
-4.30E-02 -3.67E-02 -3.33E-02 -3.56E-02 -4.41E-02 
-5.53E-02 -6.55E-02 -7.30E-02 -7.35E-02 -6.03E-02 
-3.39E-02 -3.30E-03 2.21E-02 3.85E-02 4.95E-02 
6.02E-02 6.82E-02 6.58E-02 5.22E-02 3.47E-02 
2.07E-02 1.26E-02 7.40E-03 1.04E-03 -5.90E-03 
-6.78E-03 2.58E-03 1.86E-02 3.51E-02 4.84E-02 
5.54E-02 5.29E-02 4.23E-02 2.97E-02 1.97E-02 
1.26E-02 6.23E-03 -1.72E-03 -1.05E-02 -1.55E-02 
-1.29E-02 -4.40E-03 5.09E-03 1.21E-02 1.58E-02 
1.86E-02 2.47E-02 3.39E-02 3.95E-02 3.44E-02 
2.00E-02 3.57E-03 -9.75E-03 -1.90E-02 -2.65E-02 
-3.50E-02 -4.44E-02 -5.28E-02 -5.92E-02 -6.37E-02 
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-6.35E-02 -5.54E-02 -4.10E-02 -2.37E-02 -1.64E-03 
2.88E-02 6.35E-02 8.71E-02 8.63E-02 6.57E-02 
4.18E-02 2.63E-02 1.95E-02 1.48E-02 6.38E-03 
-7.19E-03 -2.38E-02 -3.80E-02 -4.08E-02 -2.89E-02 
-1.31E-02 -8.63E-03 -1.82E-02 -3.30E-02 -4.22E-02 
-4.07E-02 -3.16E-02 -2.20E-02 -1.69E-02 -1.69E-02 
-1.95E-02 -2.15E-02 -2.09E-02 -1.63E-02 -7.65E-03 
3.46E-03 1.41E-02 2.29E-02 3.06E-02 3.67E-02 
3.74E-02 3.04E-02 1.92E-02 8.52E-03 2.30E-04 
-6.75E-03 -1.30E-02 -1.40E-02 -4.19E-03 1.36E-02 
2.88E-02 3.43E-02 3.28E-02 3.09E-02 3.20E-02 
3.36E-02 3.15E-02 2.59E-02 2.07E-02 1.85E-02 
1.87E-02 1.93E-02 1.88E-02 1.62E-02 9.74E-03 
1.41E-03 -1.91E-03 3.09E-03 1.28E-02 2.10E-02 
2.18E-02 1.26E-02 -2.93E-03 -1.91E-02 -3.37E-02 
-4.78E-02 -6.28E-02 -7.84E-02 -9.11E-02 -9.65E-02 
-9.32E-02 -8.49E-02 -7.71E-02 -7.03E-02 -6.06E-02 
-4.58E-02 -2.82E-02 -1.24E-02 -1.26E-03 6.46E-03 
1.33E-02 1.83E-02 1.86E-02 1.40E-02 7.50E-03 
1.79E-03 -2.58E-03 -6.56E-03 -1.12E-02 -1.68E-02 
-2.12E-02 -2.01E-02 -1.16E-02 9.18E-04 1.30E-02 
2.27E-02 3.08E-02 3.92E-02 4.87E-02 5.91E-02 
6.85E-02 7.22E-02 6.73E-02 5.68E-02 4.60E-02 
3.78E-02 3.18E-02 2.58E-02 1.84E-02 9.44E-03 
1.67E-03 3.00E-04 7.50E-03 1.94E-02 3.09E-02 
3.95E-02 4.48E-02 4.54E-02 4.17E-02 3.64E-02 
3.23E-02 3.00E-02 3.03E-02 3.43E-02 4.09E-02 
4.78E-02 5.27E-02 5.38E-02 5.09E-02 4.61E-02 
4.20E-02 3.93E-02 3.67E-02 3.36E-02 3.07E-02 
2.80E-02 2.54E-02 2.25E-02 1.87E-02 1.42E-02 
8.15E-03 -5.00E-03 -3.03E-02 -6.07E-02 -8.20E-02 
-8.92E-02 -8.87E-02 -8.60E-02 -8.18E-02 -7.70E-02 
-7.41E-02 -7.11E-02 -6.01E-02 -3.81E-02 -1.47E-02 
-5.55E-04 3.74E-03 4.67E-03 6.05E-03 6.65E-03 
4.92E-03 1.37E-03 -2.85E-03 -6.69E-03 -9.23E-03 
-1.04E-02 -1.10E-02 -1.23E-02 -1.54E-02 -2.03E-02 
-2.37E-02 -2.15E-02 -1.38E-02 -4.24E-03 4.04E-03 
9.92E-03 1.11E-02 5.29E-03 -4.18E-03 -1.14E-02 
-1.43E-02 -1.50E-02 -1.43E-02 -1.06E-02 -3.23E-03 
5.82E-03 1.45E-02 2.14E-02 2.33E-02 1.73E-02 
5.68E-03 -6.55E-03 -1.61E-02 -2.07E-02 -1.73E-02 
-6.10E-03 8.13E-03 2.06E-02 3.01E-02 3.58E-02 
3.47E-02 2.59E-02 1.37E-02 4.01E-03 -2.25E-04 
1.12E-05 1.48E-03 1.48E-03 -6.02E-04 -3.60E-03 
-6.14E-03 -7.56E-03 -8.07E-03 -8.42E-03 -9.47E-03 
-1.15E-02 -1.41E-02 -1.67E-02 -1.91E-02 -2.11E-02 
-2.30E-02 -2.48E-02 -2.67E-02 -2.88E-02 -3.09E-02 
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-3.30E-02 -3.51E-02 -3.71E-02 -3.92E-02 -4.22E-02 
-4.63E-02 -4.90E-02 -4.66E-02 -3.84E-02 -2.82E-02 
-1.92E-02 -1.22E-02 -6.00E-03 1.25E-03 9.19E-03 
1.33E-02 9.96E-03 7.11E-04 -9.11E-03 -1.26E-02 
-4.06E-03 1.49E-02 3.66E-02 5.48E-02 6.64E-02 
6.90E-02 6.41E-02 5.73E-02 5.19E-02 4.51E-02 
3.29E-02 1.55E-02 -3.87E-03 -2.26E-02 -3.60E-02 
-3.71E-02 -2.45E-02 -5.77E-03 9.15E-03 1.44E-02 
1.15E-02 7.04E-03 6.87E-03 1.34E-02 2.52E-02 
3.80E-02 4.88E-02 5.44E-02 4.99E-02 3.42E-02 
1.32E-02 -4.58E-03 -1.36E-02 -1.39E-02 -1.08E-02 
-9.45E-03 -1.17E-02 -1.62E-02 -2.15E-02 -2.64E-02 
-3.03E-02 -3.37E-02 -3.71E-02 -4.01E-02 -3.86E-02 
-2.83E-02 -1.09E-02 8.11E-03 2.43E-02 3.42E-02 
3.57E-02 3.09E-02 2.55E-02 2.31E-02 2.43E-02 
2.78E-02 3.18E-02 3.44E-02 3.37E-02 2.84E-02 
1.96E-02 9.49E-03 -9.74E-04 -1.16E-02 -2.25E-02 
-3.37E-02 -4.33E-02 -4.66E-02 -4.13E-02 -3.13E-02 
-2.19E-02 -1.51E-02 -9.76E-03 -3.75E-03 3.71E-03 
1.16E-02 1.87E-02 2.46E-02 2.99E-02 3.23E-02 
2.82E-02 1.72E-02 3.23E-03 -9.86E-03 -2.11E-02 
-3.16E-02 -4.30E-02 -5.48E-02 -6.15E-02 -5.61E-02 
-3.96E-02 -2.01E-02 -4.71E-03 3.56E-03 6.42E-03 
8.51E-03 1.33E-02 2.10E-02 2.92E-02 3.50E-02 
3.71E-02 3.69E-02 3.65E-02 3.72E-02 3.89E-02 
4.09E-02 4.32E-02 4.65E-02 5.01E-02 5.14E-02 
4.86E-02 4.36E-02 3.99E-02 3.89E-02 3.95E-02 
3.89E-02 3.41E-02 2.51E-02 1.44E-02 5.32E-03 
-9.36E-04 -4.61E-03 -5.13E-03 -2.14E-03 2.72E-03 
7.31E-03 1.08E-02 1.38E-02 1.59E-02 1.41E-02 
5.67E-03 -7.78E-03 -2.26E-02 -3.65E-02 -4.96E-02 
-6.24E-02 -7.26E-02 -7.72E-02 -7.75E-02 -7.69E-02 
-7.70E-02 -7.69E-02 -7.48E-02 -6.97E-02 -6.23E-02 
-5.37E-02 -4.43E-02 -3.31E-02 -1.98E-02 -4.26E-03 
1.24E-02 2.65E-02 3.48E-02 3.86E-02 4.15E-02 
4.50E-02 4.72E-02 4.67E-02 4.40E-02 4.08E-02 
3.75E-02 3.22E-02 2.33E-02 1.10E-02 -3.79E-03 
-1.94E-02 -3.31E-02 -4.32E-02 -5.10E-02 -5.76E-02 
-6.02E-02 -5.47E-02 -4.29E-02 -3.03E-02 -2.08E-02 
-1.42E-02 -8.02E-03 -3.74E-04 9.26E-03 2.10E-02 
3.40E-02 4.35E-02 4.20E-02 2.90E-02 1.17E-02 
-3.14E-03 -1.38E-02 -2.25E-02 -3.22E-02 -4.35E-02 
-5.54E-02 -6.50E-02 -6.80E-02 -6.35E-02 -5.47E-02 
-4.46E-02 -3.42E-02 -2.38E-02 -1.30E-02 -1.34E-03 
1.12E-02 2.43E-02 3.73E-02 4.92E-02 5.94E-02 
6.85E-02 7.76E-02 8.73E-02 9.47E-02 9.43E-02 
8.41E-02 6.90E-02 5.44E-02 4.03E-02 2.34E-02 
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2.99E-03 -1.73E-02 -3.29E-02 -4.37E-02 -5.30E-02 
-6.21E-02 -6.62E-02 -6.06E-02 -4.79E-02 -3.55E-02 
-3.00E-02 -3.12E-02 -3.42E-02 -3.50E-02 -3.15E-02 
-2.27E-02 -9.44E-03 5.24E-03 1.80E-02 2.49E-02 
2.25E-02 1.27E-02 1.53E-03 -6.79E-03 -1.23E-02 
-1.73E-02 -2.38E-02 -3.20E-02 -4.07E-02 -4.86E-02 
-5.55E-02 -6.06E-02 -6.05E-02 -5.28E-02 -4.01E-02 
-2.74E-02 -1.77E-02 -1.07E-02 -4.16E-03 3.81E-03 
1.28E-02 2.07E-02 2.62E-02 3.00E-02 3.36E-02 
3.78E-02 4.26E-02 4.76E-02 5.19E-02 5.40E-02 
5.17E-02 4.55E-02 3.83E-02 3.26E-02 2.85E-02 
2.50E-02 2.13E-02 1.84E-02 1.69E-02 1.62E-02 
1.55E-02 1.41E-02 1.15E-02 7.99E-03 4.34E-03 
1.16E-03 -1.60E-03 -4.41E-03 -6.89E-03 -7.10E-03 
-3.63E-03 2.39E-03 8.63E-03 1.38E-02 1.81E-02 
2.24E-02 2.74E-02 3.29E-02 3.74E-02 3.85E-02 
3.57E-02 3.11E-02 2.72E-02 2.58E-02 2.80E-02 
3.33E-02 3.93E-02 4.42E-02 4.79E-02 5.11E-02 
5.44E-02 5.84E-02 6.25E-02 6.43E-02 6.13E-02 
5.45E-02 4.61E-02 3.38E-02 1.33E-02 -1.12E-02 
-2.95E-02 -3.84E-02 -4.27E-02 -4.87E-02 -5.80E-02 
-6.66E-02 -6.83E-02 -6.20E-02 -5.22E-02 -4.36E-02 
-3.89E-02 -3.82E-02 -3.98E-02 -4.08E-02 -4.01E-02 
-3.83E-02 -3.61E-02 -3.04E-02 -1.59E-02 5.28E-03 
2.47E-02 3.69E-02 4.39E-02 4.84E-02 4.80E-02 
4.02E-02 2.77E-02 1.50E-02 4.42E-03 -4.34E-03 
-1.27E-02 -2.18E-02 -3.20E-02 -4.28E-02 -5.10E-02 
-5.22E-02 -4.57E-02 -3.59E-02 -2.73E-02 -2.15E-02 
-1.77E-02 -1.39E-02 -8.90E-03 -2.88E-03 1.77E-03 
2.55E-03 -2.94E-04 -4.21E-03 -7.18E-03 -8.85E-03 
-1.00E-02 -1.16E-02 -1.35E-02 -1.42E-02 -1.24E-02 
-9.27E-03 -6.34E-03 -4.33E-03 -2.96E-03 -1.52E-03 
4.30E-04 2.43E-03 3.22E-03 2.13E-03 -1.00E-04 
-1.77E-03 -8.70E-04 3.17E-03 9.00E-03 1.53E-02 
2.20E-02 2.90E-02 3.63E-02 4.38E-02 5.14E-02 
5.94E-02 6.66E-02 6.63E-02 5.10E-02 2.49E-02 
1.90E-03 -9.65E-03 -1.31E-02 -1.63E-02 -2.38E-02 
-3.50E-02 -4.66E-02 -5.51E-02 -5.69E-02 -5.13E-02 
-4.18E-02 -3.39E-02 -3.07E-02 -3.17E-02 -3.36E-02 
-3.41E-02 -3.25E-02 -3.02E-02 -2.82E-02 -2.58E-02 
-2.14E-02 -1.44E-02 -4.85E-03 6.09E-03 1.72E-02 
2.78E-02 3.59E-02 3.85E-02 3.54E-02 3.01E-02 
2.68E-02 2.64E-02 2.74E-02 2.77E-02 2.65E-02 
2.49E-02 2.46E-02 2.67E-02 3.02E-02 3.37E-02 
3.65E-02 3.84E-02 3.83E-02 3.58E-02 3.21E-02 
2.80E-02 2.24E-02 1.38E-02 2.85E-03 -8.79E-03 
-1.89E-02 -2.41E-02 -2.24E-02 -1.63E-02 -1.13E-02 
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-1.05E-02 -1.26E-02 -1.47E-02 -1.51E-02 -1.37E-02 
-1.18E-02 -1.04E-02 -9.93E-03 -9.90E-03 -9.89E-03 
-9.04E-03 -5.75E-03 6.77E-04 8.86E-03 1.70E-02 
2.43E-02 3.14E-02 3.89E-02 4.56E-02 4.77E-02 
4.29E-02 3.40E-02 2.51E-02 1.84E-02 1.33E-02 
8.10E-03 1.81E-03 -5.61E-03 -1.28E-02 -1.74E-02 
-1.81E-02 -1.64E-02 -1.48E-02 -1.45E-02 -1.44E-02 
-1.19E-02 -5.61E-03 3.24E-03 1.23E-02 2.03E-02 
2.68E-02 2.85E-02 2.05E-02 3.64E-03 -1.48E-02 
-2.84E-02 -3.47E-02 -3.24E-02 -2.28E-02 -1.11E-02 
-1.37E-03 5.64E-03 1.20E-02 1.82E-02 2.04E-02 
1.58E-02 6.34E-03 -3.54E-03 -1.13E-02 -1.69E-02 
-2.22E-02 -2.84E-02 -3.59E-02 -4.41E-02 -5.12E-02 
-5.24E-02 -4.33E-02 -2.62E-02 -7.77E-03 7.73E-03 
2.04E-02 3.27E-02 4.43E-02 4.95E-02 4.42E-02 
3.19E-02 1.90E-02 8.33E-03 -1.42E-03 -1.24E-02 
-2.38E-02 -3.00E-02 -2.67E-02 -1.67E-02 -5.80E-03 
2.27E-03 8.03E-03 1.42E-02 2.28E-02 3.39E-02 
4.59E-02 5.73E-02 6.77E-02 7.68E-02 8.14E-02 
7.52E-02 5.74E-02 3.45E-02 1.34E-02 -3.70E-03 
-1.88E-02 -3.50E-02 -5.34E-02 -7.30E-02 -9.10E-02 
-1.06E-01 -1.14E-01 -1.08E-01 -8.72E-02 -5.87E-02 
-3.23E-02 -1.11E-02 7.71E-03 2.79E-02 5.12E-02 
7.70E-02 1.03E-01 1.23E-01 1.26E-01 1.10E-01 
8.37E-02 6.04E-02 4.38E-02 3.07E-02 1.62E-02 
-2.14E-03 -2.35E-02 -4.21E-02 -4.96E-02 -4.35E-02 
-3.07E-02 -1.93E-02 -1.24E-02 -9.17E-03 -1.01E-02 
-1.61E-02 -2.51E-02 -3.37E-02 -4.07E-02 -4.68E-02 
-5.33E-02 -5.85E-02 -5.92E-02 -5.52E-02 -5.06E-02 
-4.98E-02 -5.34E-02 -5.83E-02 -6.20E-02 -6.35E-02 
-6.27E-02 -6.00E-02 -5.62E-02 -5.00E-02 -3.88E-02 
-2.30E-02 -5.75E-03 8.92E-03 1.86E-02 2.41E-02 
2.78E-02 3.07E-02 3.28E-02 3.46E-02 3.62E-02 
3.84E-02 4.23E-02 4.85E-02 5.73E-02 6.72E-02 
7.49E-02 7.85E-02 7.94E-02 8.06E-02 8.36E-02 
8.72E-02 8.59E-02 7.41E-02 5.29E-02 2.93E-02 
8.54E-03 -8.29E-03 -2.14E-02 -3.19E-02 -4.10E-02 
-4.72E-02 -4.67E-02 -3.99E-02 -3.08E-02 -2.28E-02 
-1.66E-02 -1.36E-02 -1.70E-02 -2.82E-02 -4.29E-02 
-5.68E-02 -6.66E-02 -6.82E-02 -5.89E-02 -4.27E-02 
-2.72E-02 -1.66E-02 -1.01E-02 -5.63E-03 -2.51E-03 
-5.54E-04 1.11E-03 4.63E-03 1.27E-02 2.48E-02 
3.69E-02 4.48E-02 4.78E-02 4.80E-02 4.86E-02 
5.20E-02 5.98E-02 7.19E-02 8.27E-02 8.13E-02 
6.26E-02 3.37E-02 5.51E-03 -1.67E-02 -3.30E-02 
-4.50E-02 -5.51E-02 -6.57E-02 -7.53E-02 -7.80E-02 
-7.16E-02 -6.02E-02 -4.90E-02 -4.15E-02 -4.04E-02 
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-4.62E-02 -5.53E-02 -6.34E-02 -6.86E-02 -7.20E-02 
-7.55E-02 -8.04E-02 -8.61E-02 -9.10E-02 -9.45E-02 
-9.66E-02 -9.65E-02 -9.38E-02 -8.95E-02 -8.28E-02 
-6.82E-02 -4.20E-02 -8.26E-03 2.57E-02 5.62E-02 
8.43E-02 1.12E-01 1.35E-01 1.38E-01 1.16E-01 
8.04E-02 4.73E-02 2.24E-02 1.95E-03 -1.98E-02 
-4.42E-02 -6.72E-02 -8.21E-02 -8.19E-02 -6.69E-02 
-4.56E-02 -2.68E-02 -1.28E-02 -7.84E-04 1.29E-02 
2.94E-02 4.39E-02 4.65E-02 3.38E-02 1.31E-02 
-6.37E-03 -2.08E-02 -3.26E-02 -4.80E-02 -7.08E-02 
-9.56E-02 -1.12E-01 -1.18E-01 -1.17E-01 -1.12E-01 
-1.04E-01 -9.69E-02 -9.00E-02 -8.29E-02 -7.51E-02 
-6.66E-02 -5.84E-02 -5.13E-02 -4.34E-02 -3.06E-02 
-1.12E-02 1.20E-02 3.47E-02 5.52E-02 7.43E-02 
9.43E-02 1.16E-01 1.34E-01 1.41E-01 1.35E-01 
1.25E-01 1.18E-01 1.14E-01 1.09E-01 9.95E-02 
8.62E-02 7.16E-02 5.90E-02 5.15E-02 4.90E-02 
4.85E-02 4.66E-02 4.18E-02 3.43E-02 2.61E-02 
1.91E-02 1.49E-02 1.36E-02 1.35E-02 1.26E-02 
1.05E-02 7.29E-03 3.42E-03 -6.07E-04 -4.35E-03 
-7.45E-03 -8.65E-03 -6.65E-03 -2.21E-03 2.53E-03 
5.83E-03 6.99E-03 6.25E-03 4.28E-03 2.05E-03 
3.12E-04 -1.45E-03 -4.87E-03 -1.08E-02 -1.82E-02 
-2.57E-02 -3.25E-02 -3.85E-02 -4.43E-02 -5.03E-02 
-5.65E-02 -6.11E-02 -6.13E-02 -5.69E-02 -5.00E-02 
-4.20E-02 -3.32E-02 -2.41E-02 -1.49E-02 -6.47E-03 
-4.41E-04 2.37E-03 2.96E-03 3.26E-03 4.39E-03 
6.31E-03 8.92E-03 1.25E-02 1.71E-02 2.15E-02 
2.23E-02 1.61E-02 4.09E-03 -8.57E-03 -1.73E-02 
-2.15E-02 -2.38E-02 -2.58E-02 -2.74E-02 -2.79E-02 
-2.76E-02 -2.60E-02 -2.12E-02 -1.24E-02 -2.36E-03 
5.41E-03 1.01E-02 1.36E-02 1.71E-02 1.96E-02 
1.90E-02 1.55E-02 1.12E-02 7.46E-03 5.16E-03 
5.44E-03 8.76E-03 1.33E-02 1.67E-02 1.79E-02 
1.83E-02 1.90E-02 2.09E-02 2.32E-02 2.43E-02 
2.27E-02 1.89E-02 1.45E-02 1.11E-02 1.05E-02 
1.38E-02 1.95E-02 2.54E-02 2.97E-02 3.18E-02 
3.23E-02 3.25E-02 3.43E-02 3.89E-02 4.44E-02 
4.63E-02 4.24E-02 3.50E-02 2.76E-02 2.11E-02 
1.45E-02 7.94E-03 2.27E-03 -2.55E-03 -5.64E-03 
-4.66E-03 6.43E-04 6.86E-03 1.03E-02 1.05E-02 
9.83E-03 1.02E-02 1.21E-02 1.47E-02 1.74E-02 
2.05E-02 2.46E-02 2.95E-02 3.45E-02 3.93E-02 
4.36E-02 4.59E-02 4.48E-02 4.10E-02 3.67E-02 
3.32E-02 3.02E-02 2.69E-02 2.28E-02 1.81E-02 
1.23E-02 4.53E-03 -4.69E-03 -1.42E-02 -2.30E-02 
-2.98E-02 -3.43E-02 -3.73E-02 -3.90E-02 -3.86E-02 
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-3.58E-02 -3.12E-02 -2.46E-02 -1.59E-02 -6.38E-03 
1.77E-03 7.32E-03 1.10E-02 1.47E-02 1.94E-02 
2.40E-02 2.53E-02 2.17E-02 1.53E-02 9.03E-03 
4.75E-03 2.17E-03 -1.72E-04 -3.37E-03 -7.77E-03 
-1.31E-02 -1.87E-02 -2.41E-02 -2.91E-02 -3.35E-02 
-3.67E-02 -3.81E-02 -3.63E-02 -3.07E-02 -2.26E-02 
-1.41E-02 -5.87E-03 2.28E-03 1.08E-02 2.00E-02 
2.84E-02 3.20E-02 2.83E-02 1.96E-02 1.05E-02 
3.74E-03 -1.19E-03 -6.14E-03 -1.23E-02 -1.98E-02 
-2.76E-02 -3.25E-02 -3.11E-02 -2.39E-02 -1.55E-02 
-1.00E-02 -8.30E-03 -8.06E-03 -6.88E-03 -4.04E-03 
-7.69E-04 1.33E-03 1.94E-03 1.81E-03 1.88E-03 
2.48E-03 3.39E-03 4.86E-03 7.27E-03 1.04E-02 
1.38E-02 1.65E-02 1.71E-02 1.43E-02 9.36E-03 
4.22E-03 6.54E-05 -2.27E-03 -1.01E-03 4.31E-03 
1.16E-02 1.82E-02 2.33E-02 2.78E-02 3.27E-02 
3.75E-02 3.91E-02 3.52E-02 2.80E-02 2.05E-02 
1.46E-02 9.76E-03 4.24E-03 -3.21E-03 -1.22E-02 
-2.15E-02 -2.98E-02 -3.61E-02 -4.01E-02 -4.22E-02 
-4.25E-02 -4.12E-02 -3.95E-02 -3.81E-02 -3.57E-02 
-3.08E-02 -2.37E-02 -1.65E-02 -1.19E-02 -9.96E-03 
-8.99E-03 -7.09E-03 -3.51E-03 1.02E-03 5.36E-03 
9.06E-03 1.20E-02 1.36E-02 1.36E-02 1.23E-02 
1.10E-02 1.02E-02 9.83E-03 9.44E-03 8.96E-03 
9.40E-03 1.18E-02 1.58E-02 2.00E-02 2.37E-02 
2.69E-02 2.99E-02 3.33E-02 3.65E-02 3.79E-02 
3.61E-02 3.21E-02 2.79E-02 2.34E-02 1.62E-02 
5.17E-03 -5.95E-03 -1.32E-02 -1.64E-02 -1.85E-02 
-2.17E-02 -2.51E-02 -2.62E-02 -2.40E-02 -2.01E-02 
-1.64E-02 -1.36E-02 -1.18E-02 -1.18E-02 -1.40E-02 
-1.75E-02 -2.07E-02 -2.33E-02 -2.48E-02 -2.35E-02 
-1.88E-02 -1.21E-02 -5.60E-03 -2.19E-04 4.51E-03 
8.74E-03 1.08E-02 9.29E-03 5.09E-03 5.85E-04 
-2.86E-03 -5.46E-03 -8.05E-03 -1.04E-02 -1.11E-02 
-9.15E-03 -5.71E-03 -2.30E-03 3.18E-04 2.46E-03 
4.72E-03 7.30E-03 9.61E-03 1.08E-02 1.10E-02 
1.09E-02 1.09E-02 1.14E-02 1.23E-02 1.39E-02 
1.60E-02 1.84E-02 2.01E-02 1.94E-02 1.51E-02 
8.30E-03 1.69E-03 -2.87E-03 -5.42E-03 -7.37E-03 
-1.00E-02 -1.38E-02 -1.80E-02 -2.12E-02 -2.18E-02 
-2.00E-02 -1.72E-02 -1.50E-02 -1.37E-02 -1.27E-02 
-1.16E-02 -1.10E-02 -1.16E-02 -1.32E-02 -1.50E-02 
-1.61E-02 -1.56E-02 -1.39E-02 -1.21E-02 -1.08E-02 
-1.00E-02 -9.25E-03 -7.74E-03 -4.49E-03 1.91E-04 
4.36E-03 6.57E-03 7.25E-03 7.81E-03 9.89E-03 
1.48E-02 2.23E-02 3.05E-02 3.78E-02 4.34E-02 
4.76E-02 5.13E-02 5.34E-02 5.20E-02 4.73E-02 
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4.15E-02 3.64E-02 3.16E-02 2.52E-02 1.68E-02 
7.04E-03 -2.27E-03 -9.40E-03 -1.34E-02 -1.48E-02 
-1.49E-02 -1.52E-02 -1.63E-02 -1.77E-02 -1.92E-02 
-2.13E-02 -2.43E-02 -2.80E-02 -3.19E-02 -3.50E-02 
-3.55E-02 -3.25E-02 -2.73E-02 -2.22E-02 -1.77E-02 
-1.29E-02 -7.37E-03 -9.74E-04 6.05E-03 1.31E-02 
1.87E-02 2.19E-02 2.36E-02 2.56E-02 2.83E-02 
3.09E-02 3.14E-02 2.90E-02 2.52E-02 2.15E-02 
1.87E-02 1.65E-02 1.45E-02 1.34E-02 1.34E-02 
1.42E-02 1.49E-02 1.42E-02 1.17E-02 7.90E-03 
3.99E-03 7.42E-04 -1.96E-03 -4.27E-03 -5.67E-03 
-5.73E-03 -4.93E-03 -4.16E-03 -3.79E-03 -3.85E-03 
-4.79E-03 -7.17E-03 -1.06E-02 -1.42E-02 -1.74E-02 
-2.01E-02 -2.29E-02 -2.59E-02 -2.91E-02 -3.15E-02 
-3.16E-02 -2.91E-02 -2.58E-02 -2.29E-02 -2.09E-02 
-1.92E-02 -1.73E-02 -1.61E-02 -1.69E-02 -1.95E-02 
-2.27E-02 -2.54E-02 -2.76E-02 -2.95E-02 -3.02E-02 
-2.80E-02 -2.27E-02 -1.62E-02 -9.93E-03 -4.11E-03 
1.89E-03 8.45E-03 1.55E-02 2.29E-02 3.02E-02 
3.64E-02 3.84E-02 3.45E-02 2.71E-02 2.00E-02 
1.47E-02 1.06E-02 6.31E-03 1.67E-03 -1.10E-03 
1.68E-05 4.18E-03 8.90E-03 1.24E-02 1.40E-02 
1.42E-02 1.40E-02 1.43E-02 1.50E-02 1.50E-02 
1.40E-02 1.25E-02 1.08E-02 9.14E-03 7.12E-03 
4.59E-03 1.76E-03 -1.08E-03 -3.79E-03 -6.44E-03 
-9.30E-03 -1.28E-02 -1.70E-02 -2.15E-02 -2.59E-02 
-3.00E-02 -3.32E-02 -3.44E-02 -3.38E-02 -3.20E-02 
-2.87E-02 -2.32E-02 -1.61E-02 -8.66E-03 -2.33E-03 
1.40E-03 2.38E-03 2.24E-03 2.68E-03 4.15E-03 
6.21E-03 8.47E-03 1.08E-02 1.30E-02 1.51E-02 
1.70E-02 1.76E-02 1.58E-02 1.21E-02 8.06E-03 
4.69E-03 2.34E-03 1.32E-03 1.51E-03 2.12E-03 
2.37E-03 1.96E-03 7.67E-04 -1.10E-03 -3.16E-03 
-4.93E-03 -6.24E-03 -7.01E-03 -7.38E-03 -7.65E-03 
-8.11E-03 -8.98E-03 -1.03E-02 -1.18E-02 -1.32E-02 
-1.46E-02 -1.58E-02 -1.70E-02 -1.84E-02 -2.04E-02 
-2.33E-02 -2.70E-02 -3.06E-02 -3.25E-02 -3.14E-02 
-2.78E-02 -2.34E-02 -1.85E-02 -1.26E-02 -5.96E-03 
-1.15E-05 3.36E-03 3.90E-03 3.32E-03 3.30E-03 
4.43E-03 6.40E-03 8.60E-03 1.04E-02 1.08E-02 
9.22E-03 6.01E-03 2.54E-03 -2.75E-04 -2.49E-03 
-4.70E-03 -7.39E-03 -1.06E-02 -1.42E-02 -1.76E-02 
-2.02E-02 -2.05E-02 -1.74E-02 -1.23E-02 -7.18E-03 
-3.36E-03 -1.06E-03 3.68E-04 1.93E-03 4.13E-03 
6.77E-03 9.41E-03 1.13E-02 1.15E-02 1.01E-02 
7.91E-03 6.06E-03 4.87E-03 4.12E-03 3.56E-03 
3.01E-03 2.35E-03 1.59E-03 1.00E-03 8.57E-04 
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1.14E-03 1.60E-03 1.97E-03 2.21E-03 2.33E-03 
2.25E-03 1.95E-03 1.54E-03 1.17E-03 8.82E-04 
5.72E-04 -8.59E-05 -1.47E-03 -3.56E-03 -5.89E-03 
-8.01E-03 -9.86E-03 -1.16E-02 -1.35E-02 -1.51E-02 
-1.55E-02 -1.44E-02 -1.25E-02 -1.05E-02 -8.58E-03 
-6.51E-03 -4.29E-03 -1.92E-03 5.59E-04 3.11E-03 
5.67E-03 8.22E-03 1.03E-02 1.08E-02 9.05E-03 
5.93E-03 2.87E-03 5.32E-04 -1.16E-03 -2.31E-03 
-3.09E-03 -3.82E-03 -4.79E-03 -5.84E-03 -6.39E-03 
-6.12E-03 -5.28E-03 -4.33E-03 -3.39E-03 -2.33E-03 
-1.14E-03 1.32E-04 1.47E-03 2.80E-03 3.76E-03 
3.90E-03 3.17E-03 2.10E-03 1.20E-03 6.14E-04 
3.07E-04 3.94E-04 8.61E-04 1.45E-03 1.94E-03 
2.27E-03 2.54E-03 2.88E-03 3.25E-03 3.29E-03 
2.51E-03 1.03E-03 -6.18E-04 -2.08E-03 -3.34E-03 
-4.53E-03 -5.75E-03 -6.88E-03 -7.50E-03 -7.34E-03 
-6.63E-03 -5.67E-03 -4.19E-03 -1.88E-03 9.29E-04 
3.79E-03 6.33E-03 7.94E-03 8.08E-03 7.09E-03 
5.91E-03 5.46E-03 6.50E-03 9.16E-03 1.26E-02 
1.58E-02 1.83E-02 1.91E-02 1.74E-02 1.38E-02 
9.97E-03 6.90E-03 4.90E-03 3.92E-03 3.55E-03 
3.12E-03 2.25E-03 1.01E-03 -3.01E-04 -1.40E-03 
-2.38E-03 -3.74E-03 -5.90E-03 -8.70E-03 -1.15E-02 
-1.34E-02 -1.31E-02 -1.06E-02 -7.26E-03 -4.34E-03 
-2.20E-03 -4.50E-04 1.09E-03 2.16E-03 2.65E-03 
2.82E-03 3.00E-03 3.32E-03 3.66E-03 3.92E-03 
4.17E-03 4.93E-03 6.83E-03 9.61E-03 1.20E-02 
1.27E-02 1.17E-02 1.02E-02 9.11E-03 8.74E-03 
8.69E-03 8.48E-03 7.93E-03 7.52E-03 8.02E-03 
9.64E-03 1.18E-02 1.37E-02 1.53E-02 1.63E-02 
1.63E-02 1.52E-02 1.37E-02 1.23E-02 1.14E-02 
1.08E-02 1.04E-02 1.01E-02 9.76E-03 9.26E-03 
8.72E-03 8.22E-03 7.57E-03 6.05E-03 3.24E-03 
-3.11E-04 -3.77E-03 -6.82E-03 -9.51E-03 -1.19E-02 
-1.41E-02 -1.63E-02 -1.85E-02 -2.07E-02 -2.17E-02 
-2.07E-02 -1.83E-02 -1.57E-02 -1.37E-02 -1.22E-02 
-1.07E-02 -8.95E-03 -6.70E-03 -3.77E-03 -1.48E-04 
3.79E-03 7.43E-03 9.91E-03 1.09E-02 1.10E-02 
1.13E-02 1.20E-02 1.32E-02 1.49E-02 1.72E-02 
1.99E-02 2.27E-02 2.53E-02 2.74E-02 2.79E-02 
2.61E-02 2.27E-02 1.93E-02 1.67E-02 1.46E-02 
1.25E-02 9.85E-03 6.78E-03 3.54E-03 3.71E-04 
-2.61E-03 -5.36E-03 -7.79E-03 -9.98E-03 -1.21E-02 
-1.43E-02 -1.67E-02 -1.90E-02 -2.14E-02 -2.37E-02 
-2.59E-02 -2.76E-02 -2.83E-02 -2.78E-02 -2.67E-02 
-2.49E-02 -2.25E-02 -1.99E-02 -1.72E-02 -1.46E-02 
-1.20E-02 -8.84E-03 -4.40E-03 1.17E-03 7.13E-03 
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1.27E-02 1.73E-02 2.04E-02 2.23E-02 2.39E-02 
2.50E-02 2.52E-02 2.48E-02 2.41E-02 2.35E-02 
2.26E-02 2.11E-02 1.87E-02 1.59E-02 1.33E-02 
1.09E-02 8.39E-03 5.46E-03 2.03E-03 -1.54E-03 
-4.78E-03 -7.44E-03 -9.54E-03 -1.09E-02 -1.13E-02 
-1.11E-02 -1.09E-02 -1.10E-02 -1.12E-02 -1.14E-02 
-1.17E-02 -1.26E-02 -1.40E-02 -1.52E-02 -1.50E-02 
-1.35E-02 -1.15E-02 -9.97E-03 -8.68E-03 -7.04E-03 
-4.71E-03 -1.94E-03 9.03E-04 3.60E-03 6.13E-03 
8.63E-03 1.12E-02 1.39E-02 1.67E-02 1.91E-02 
1.99E-02 1.82E-02 1.49E-02 1.14E-02 8.77E-03 
6.68E-03 4.79E-03 3.38E-03 2.92E-03 3.20E-03 
3.60E-03 3.77E-03 3.72E-03 3.69E-03 3.81E-03 
3.84E-03 3.43E-03 2.52E-03 1.48E-03 8.20E-04 
6.82E-04 8.13E-04 8.97E-04 7.86E-04 5.57E-04 
3.51E-04 2.29E-04 2.07E-04 1.31E-04 -5.38E-04 
-2.25E-03 -4.78E-03 -7.47E-03 -9.88E-03 -1.19E-02 
-1.29E-02 -1.21E-02 -9.59E-03 -6.65E-03 -4.18E-03 
-2.29E-03 -6.02E-04 1.37E-03 3.74E-03 6.25E-03 
8.34E-03 9.33E-03 9.17E-03 8.61E-03 8.31E-03 
8.40E-03 8.62E-03 8.76E-03 8.71E-03 8.31E-03 
7.60E-03 5.91E-03 3.91E-03 2.04E-03 3.93E-04 
-1.16E-03 -2.72E-03 -4.02E-03 -4.55E-03 -4.27E-03 
-3.70E-03 -3.30E-03 -3.17E-03 -3.19E-03 -3.40E-03 
-3.95E-03 -4.80E-03 -5.72E-03 -6.53E-03 -7.26E-03 
-7.98E-03 -8.79E-03 -9.52E-03 -9.79E-03 -9.39E-03 
-8.64E-03 -7.92E-03 -7.39E-03 -7.00E-03 -6.70E-03 
-6.70E-03 -7.18E-03 -7.97E-03 -8.78E-03 -9.49E-03 
-1.01E-02 -1.08E-02 -1.12E-02 -1.10E-02 -1.00E-02 
-8.72E-03 -7.51E-03 -6.53E-03 -5.72E-03 -5.24E-03 
-5.48E-03 -6.44E-03 -7.63E-03 -8.63E-03 -9.40E-03 
-1.01E-02 -1.09E-02 -1.19E-02 -1.27E-02 -1.27E-02 
-1.13E-02 -9.24E-03 -7.16E-03 -5.50E-03 -4.15E-03 
-2.85E-03 -1.40E-03 2.32E-04 1.88E-03 3.29E-03 
4.37E-03 5.27E-03 6.18E-03 7.20E-03 8.30E-03 
9.51E-03 1.09E-02 1.27E-02 1.46E-02 1.65E-02 
1.83E-02 2.00E-02 2.15E-02 2.27E-02 2.37E-02 
2.44E-02 2.47E-02 2.49E-02 2.50E-02 2.51E-02 
2.53E-02 2.52E-02 2.48E-02 2.39E-02 2.30E-02 
2.23E-02 2.17E-02 2.11E-02 2.04E-02 1.96E-02 
1.81E-02 1.59E-02 1.34E-02 1.10E-02 8.91E-03 
7.29E-03 6.41E-03 6.17E-03 6.11E-03 5.85E-03 
5.37E-03 4.83E-03 4.29E-03 3.65E-03 2.90E-03 
2.08E-03 1.27E-03 5.12E-04 -2.26E-04 -9.69E-04 
-1.81E-03 -2.97E-03 -4.54E-03 -6.15E-03 -7.19E-03 
-7.47E-03 -7.33E-03 -7.22E-03 -7.28E-03 -7.37E-03 
-7.36E-03 -7.23E-03 -7.01E-03 -6.80E-03 -6.62E-03 
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-6.48E-03 -6.36E-03 -6.22E-03 -6.11E-03 -6.19E-03 
-6.64E-03 -7.36E-03 -8.12E-03 -8.79E-03 -9.42E-03 
-1.01E-02 -1.09E-02 -1.18E-02 -1.26E-02 -1.34E-02 
-1.42E-02 -1.49E-02 -1.55E-02 -1.56E-02 -1.52E-02 
-1.45E-02 -1.38E-02 -1.33E-02 -1.30E-02 -1.26E-02 
-1.21E-02 -1.11E-02 -9.65E-03 -7.93E-03 -6.26E-03 
-4.85E-03 -3.73E-03 -2.84E-03 -2.15E-03 -1.90E-03 
-2.18E-03 -2.69E-03 -3.13E-03 -3.43E-03 -3.65E-03 
-3.91E-03 -4.26E-03 -4.67E-03 -5.14E-03 -5.69E-03 
-6.33E-03 -6.99E-03 -7.60E-03 -8.16E-03 -8.68E-03 
-9.03E-03 -8.93E-03 -8.33E-03 -7.52E-03 -6.83E-03 
-6.45E-03 -6.44E-03 -6.60E-03 -6.68E-03 -6.63E-03 
-6.48E-03 -6.35E-03 -6.29E-03 -6.22E-03 -5.87E-03 
-5.10E-03 -4.05E-03 -2.98E-03 -2.07E-03 -1.30E-03 
-5.68E-04 1.14E-04 6.39E-04 1.01E-03 1.32E-03 
1.64E-03 1.98E-03 2.32E-03 2.45E-03 2.15E-03 
1.42E-03 5.74E-04 -1.65E-04 -7.50E-04 -1.25E-03 
-1.77E-03 -2.35E-03 -2.97E-03 -3.57E-03 -4.05E-03 
-4.07E-03 -3.37E-03 -2.12E-03 -8.26E-04 2.20E-04 
1.04E-03 1.81E-03 2.65E-03 3.58E-03 4.55E-03 
5.34E-03 5.58E-03 5.08E-03 4.13E-03 3.20E-03 
2.53E-03 2.05E-03 1.64E-03 1.31E-03 1.12E-03 
1.05E-03 9.95E-04 8.92E-04 7.64E-04 6.59E-04 
5.68E-04 4.45E-04 2.22E-04 -1.02E-04 -4.44E-04 
-7.41E-04 -9.94E-04 -1.21E-03 -1.43E-03 -1.65E-03 
-1.86E-03 -1.99E-03 -1.99E-03 -1.82E-03 -1.60E-03 
-1.42E-03 -1.28E-03 -1.17E-03 -1.04E-03 -8.97E-04 
-7.40E-04 -5.20E-04 -5.46E-05 7.69E-04 1.81E-03 
2.82E-03 3.62E-03 4.12E-03 4.32E-03 4.35E-03 
4.41E-03 4.57E-03 4.81E-03 5.11E-03 5.47E-03 
5.82E-03 6.05E-03 6.04E-03 5.75E-03 5.32E-03 
4.94E-03 4.67E-03 4.46E-03 4.24E-03 3.98E-03 
3.69E-03 3.39E-03 3.12E-03 2.87E-03 2.68E-03 
2.53E-03 2.40E-03 2.27E-03 2.13E-03 1.99E-03 
1.85E-03 1.73E-03 1.62E-03 1.49E-03 1.26E-03 
9.10E-04 5.16E-04 1.57E-04 -1.20E-04 -2.65E-04 
-2.62E-04 -1.80E-04 -1.08E-04 -8.57E-05 -9.60E-05 
-1.03E-04 -8.34E-05 -4.71E-05 -3.41E-05 -7.94E-05 
-1.75E-04 -2.78E-04 -3.58E-04 -4.12E-04 -4.52E-04 
-4.92E-04 -5.26E-04 -5.22E-04 -4.64E-04 -3.73E-04 
-2.82E-04 -2.04E-04 -1.35E-04 -7.01E-05 -8.20E-06 
5.30E-05 1.11E-04 1.61E-04 1.88E-04 1.76E-04 
1.30E-04 7.82E-05 3.95E-05 1.73E-05 2.89E-06 
-1.22E-05 -2.96E-05 -4.67E-05 -5.96E-05 -6.60E-05 
-6.42E-05 -5.42E-05 -3.98E-05 -2.52E-05 -1.16E-05 
2.07E-06 1.68E-05 3.32E-05 5.12E-05 6.81E-05 
7.56E-05 6.85E-05 5.41E-05 4.86E-05 7.33E-05 
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1.38E-04 2.23E-04 2.99E-04 3.51E-04 3.82E-04 
4.00E-04 4.15E-04 4.28E-04 4.38E-04 4.42E-04 
4.40E-04 4.32E-04 4.19E-04 4.02E-04 3.82E-04 
3.58E-04 3.29E-04 2.98E-04 2.71E-04 2.47E-04 
2.27E-04 2.08E-04 1.91E-04 1.76E-04 1.63E-04 
1.52E-04 1.44E-04 1.37E-04 1.31E-04 1.25E-04 
1.21E-04 1.16E-04 1.10E-04 1.03E-04 9.46E-05 
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